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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL NOTE D-1734

DISPERSION AND DAMPING OF LONGITUDINAL ELECTRON
OSCILIATIONS IN THERMAL PLASMAS

By James F. Morris

SUMMARY

Approximate frequencies and damping factors computed for longlitudinal elec-
tron oscillations in classical and quantum thermal plasmas are presented; effects
of some major assumptions on the values of dispersion variables are discussed.
These and some other simple, incidental characteristics of plasmas are tabulated
for electron number densities fram 10° to 1024 per cubic centimeter, temperatures
from near the "degeneracy" level to 107° K, and wavelengths from about 1 to 10°
times the Debye distance.

INTRODUCTION

Direct-energy converters interact plasmas with beams of charged particles
and electromagnetic radiation. Therefore, dispersion, damping, and amplification
involving longitudinal oscillations of plasma electrons are important effects in
energy conversion. These oscillations yield to simple, direct derivations for
dispersion and damping in classical and quantum thermal plasmas. However, tradi-
tional assumptions serilously affect the values of dispersion variables in impor-
tant plasma regions. In the present report, these derivations, discussions of
major assumptions, and numbers characterizing some of the interactions as func-
tions of plasma conditions are presented.

To preclude excessive permutatlons, a noncollisional plasma without external
fields was analyzed. ZElectron number densities from 105 to 1044 per cublc centi-
meter, temperatures from the degeneracy point, or lower, to 1070 K, and wave-
lengths from about 1 to 10° times the Debye distance were used to compute approx-
imate frequenciles and damping factors for longitudinal electron oscillations in
plasmas. Coefficiently, some other plasma characteristics that derive directly
from electron density, temperature, and/or wavelength were tabulated for con-
venience.

ANAT.YSTS
Background

Tonks and Langmuir (ref. 1) revealed that systematic oscillations of elec-



trons occur in cold, gquasi-neutral ionized gases; these organized oscillatory mo-
tions persist at a "plasma frequency,"” which is independent of wavelength:

Y = 4ﬂne€2/me (1)

Vlasov (ref. 2) and Bohm and Gross (ref. 3) derived the dispersion relation for
longitudinal oscillations in a thermal plasma. Thig development expressed fre-
quency as a function of electron temperature and wavelength as well ag electron
density:

3T x \2
abp = Q? 1+ 2m : <:;> (2)

e

The noncollisional damping equation was provided by Landau (ref. 4):

(3)
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These are the classics of classical developments for longitudinal plasma oscilla-
tions.

Pines and Bohm (ref. 5) introduced the random phase approximation and ex-
tended this approach to a quantum treatment of electron behavior at metallic den-
sities (ref. 6). The random phase approximation (refs. 6 to 21) solved the col-
lective Hamlltonlan including long-range, linear coupling between electrons and
"plasmons." Plasmons are quantized modes of plasma oscillations or low-momentum
(long-wavelength) excitations of the electron gas. The long-range electron-
plasmon coupling added a quantum correction to the dispersion expression for the
classical thermal plasma:

P
W = .+ Eb-(‘ﬁkz ) (4)

® ~ Tep T 2T \2mu,

Where short-range, nonlinear effects ascend, the random phase approximation
fails; therefore, in short-wavelength or low-density, zero-temperature limits,
the "exchange" frequency shift (refs. 19, 22, and 23) must be tacked on:

Ay = - 2—2}1&@2 (5)

While this point of strain in the Bolm and Pines presentation attracts much at-
tention, the fact remains that a large part of plasma technology resides in the
range of high temperatures. Here the random phase approximation performs ade-
quately for low as well as high densities (refs. 19 and 21).

This paper presents coherent derivations for dispersion and damping of lon-
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gitudinal oscillations in classical and quantum thermal plasmas. Of course,
short-range coulomb interactions were neglected in this high-temperature approxi-
mation. A simple physical model yields the integro~dispersion equations direct-
ly; then integration proceeds by straightforward expansion techniques. Whenever
general characteristics or specific definitions of electron distributions are re-
quired, these solutions invoke the Maxwellian approximation of a high-temperature
Fermi fluid.

The present approximate solutions for classical dispersion and damping are,
of course, identical with the original expressions (refs. 2, 3, and 4). However,
solutions based on effectively complete expansions are also presented; these in-
dicate the nature and extent of errors caused by the assumptions used in the
original approximate solutions. For the quantum plasma, the present soclution
yields the Bohm and Pines dispersion relatilon.

In addition, an apparently new noncollisional damping function results from
the complex dispersion equation for longitudinal oscillations in a quantum ther-
mal plasma (ref. 24):

By = 6<;K;e>sinh<:%e) ; (aq ~ 85 for ;ng > 10) (6)

In the regions of applicability of the present analysis and of many important
plasma problems, this damping effect approximates very closely the Landau rela-
tion, for temperatures higher than 10 ﬁub/(ZK). However, at temperatures lower

than ﬁab/(ZK), quantum damping can be a very Important effect in longitudinal
electron oscillations of thermal plasmas.

Quantized Longitudinal Electron Oscillations
in a Nondegenerate Plasma

Superficially, the title of this section appears veiled in contradiction;
however, these shadows fade in the light of wvarious contributions to the random
phase approximation (RPA) (refs. 5 to 21). When plasmas are hotter than the de-
generacy temperature, nondegenerate electrons oscillate collectively. Indeed,
the RPA indicates that long-range interactlons should extend the nondegenerate
plasma to regions considerably cooler than the degeneracy temperature; further-
more, the RPA decouples long-range (collective oscillations) and short-range (ve-
locity distributions) interactions of the plasma electrons. In addition, accel-
erations caused by gradients and by oscillations of sizable amplitudes at wave-
lengths a little longer than the Debye distance should distort any velocity dis-
tribution function. For these and other reasons, it seems entirely reasonable to
analyze the quantum effects of longitudinal electron oscillations in nondegener-
ate plasmas and to compare them with the classical case.

Random phase approximation results support separation of collective and in-
dividual effects of plasma electrons and representation by classical velocity
distributions to lower than degeneracy temperatures. For example, "the collec-
tive component and the individual particles component of the density fluctuations
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will not be significantly coupled, and thus can be treated independently"
(ref. 5, p. 351). Furthermore, the quantum

"canonical transformation to the collective description provides us with
a simple, natural splitup of the interaction between a charged particle
and the electron gas into two parts: a short-range interaction with the
individual electrons, and the interaction with the collective oscilla-
tions of the system as a whole (which has its origin in the long-range
electron-electron and electron-particle interactions).” (Ref. 7, p. 633)

These long-range interactlions contribute to

"the result that no 'exchange' contributions to the dispersion relation
appear up to order k4. Physically this result follows from the fact
that the long-range correlations act to keep the particles far apart, so
that they have less chance to feel the effects of the exclusion prin-

ciple." (Ref. 6, p. 624)

These and other effective simplifications are reasons for the increased interest
in

"the generalization of the random-phase approximation [RPA] . . . of the
electron correlation problem to finite temperature. Since this theory
gives the correct high-density limit at zero temperature and both cor-
rect high- and low-density behavior in the classical or high-temperature
limit, such studies are very much in order." (Ref. 21, p. 1085)

Dispersion Equation for Classical Plasma

This section introduces the dispersion derivation at the more elementary
level. The model and method then serve as bases for the quantum plasma develop-

ment.

In keeping with the simple-minded philosophy of the present approach, the
derivations are based on the direction of wave propagation only - hence the ubig-
uitous subscript k.

Plasma potentials for small disturbances traditionally yield to the trigo-
nometric form:

P = Re[wo ei(E'_'“’t)] (7)

If the coordinates move with the velocity, o, = u§7k2, of the wave that produces
this potential, the time variation disappears:

® = 9 elk-X

For a homogeneous, infinite plasma the time and space variations of the ve-
locity distribution are only those of the wave. Therefore, when the positive
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ions are uniformly distributed and effectively at rest, the Boltzmann equation
for a collisionless electron gas becomes

of of(
B LR TR TS 0 (o)

With Poisson's equation,

"3
553-{- (-%Pp) = 1% = 4x %ﬂ- = 4nnge / -I:ézo—k) dugy (10)

00

expression (9) reduces to the dlspersion equation:

® or a Y 3
i l{__sae_ / (uok) ufkuw _ / (iok) duok - K o)

me auok 4nn €

or

K2 Ougk Yok = Uy k2|Uok - Uy

- g%_ /m of(uge)  dugy ) i%. f(uok)

@ + > f(uok)duok
—00 ) o (uok - uw)Z

=f‘.2R/w£(_.‘fgk_)_d_‘i%_ (11)

K2 (uok - uw)z

The wave frequency is assumed to have a very small imaginary component, a
damping factor:

W = Wep = 18 (0 <8 << wep) (12)
This assumption is justified by the results.
The dispersion equation then takes the form:
[} 00 (ool
) ud fuge)dugy, 2 fluge)dugy _a_?p_ £(ugy ) dugy (13)
2 2 2 .2 2€
uok b X me X
OO =00 =00
For convenience a maximum electron potential is defined as
5
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mg 5
Cpma_x == _zlz (uok - uw) (14)
This expression must, of course, be analytic over the complex velocity plane.

Equation (13) yields to the following procedures if the number of particles
near the singularity ugy = a/k and the damping factor are small:

[ p(afk) < l
ﬁ%. f(u k)du f(uok du Ok)du
e VY
| (ok ok - "' /1) ok - E)

o i

% o) ok i:r[—-————df(uOK) (15)
k2 ( w)z du e u =(u;/k)
Yok ~ ¥ ok™

Texts on complex variable theory and previous papers on plasma dispersion
describe thils integration path and technique in detail. Another discourse here

would serve little purpose.

If the distribution is near Maxwellian, the contribution of the pole at

Uok = w/k to the overall integration is a simple one to obtain:

| asluae) =_ix(i’§.>;”1§_(9) e e"z‘I:'Te‘;(i‘f')z (16)

2T, \k 2n KT
U.Ok:( (.L)/k) k e e

The rest of the dispersion expression can be expanded and integrated:

oo

i)ZE f (uok) duok _ ng f(uok) duok
2 2 wz 2
k w ku
(u ok - E) (l _ Ok)
() A €0




for ‘kuok/wl << 1. Because <Gk> = ./.G(uok)f(uok)duok and f(uok) is symmet-

ric, (ugk) disappears for odd values of the integer n. Therefore,

oo
Yok = ¥

=-CO

for (k/w)2<ugk) << 1.

The nature of this approximate solution requires that o = u%; so this re-

lation can be used throughout the perturbation terms. In addition, this deriva-
tion assigns one degree of freedom to each electron; so

3KT
Mg

3(ud) = (uB) = —= = 3&%%5 (18)

The Debye shielding distance is given by

KT KT
S = 2 =J e2 (19)
4nnee me“b

With these provisions, equations (16) to (19) substituted into (15) yield
the integrated dispersion equation:

>
1l

X -L(Lz
g 'l o~ 22 i .jl _l__ Zk)\s
of = of, - 2iagpd = aB|l + BKEAZ - i ¢Z (;AS) e (20)

Equation (43) glves a more complete expansion for this expression. Equation (20)
can be separated into real and imaginary parts:

vop = [22(2 + 302)] 77 = [ + 2 (0)7] (21)

1R

AR s g
2 \khg 2 \Khg
= (Ziicp> 12 Y (ﬁ‘) ; = (}%ﬁ 5e (z2)

Finally, the complex frequency for longitudinal oscillations in a classical



plasma evolves:
2
3 2 1 [x  2(k\)
=~ y 1+ > (k%s) - ————33- g e s (23)

The group velocity derives from eguation (20):

o - — 28—
-2 @ -0 -2 6) =

A more desirable but less direct solution for the dispersion equation (11)
begins with the Maxwellian velocity distribution:

1 = ﬁ foo af(uok) duok

K2 SUgk  Ugk = Uy

u<23k
o 29BN
172 dug,
_i7§-§—_ % 21/2%37\S
N 1[ 2%./\S

[o0]
-q°
_ 1 ge
/2 2.2 ! (112)
T TRTA
-0
Then,
2 2 ®
Z Z 1o O
R R
]
00
2_.2
lz_q
~1/2 e
= 51/ / ekl (11b)
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From Leibnitz for
B(z)
n(z) f £('z,q)aq
a(z)
- B ~
ale) / < £('z,q)dq + £('2,8) = - £('z,0) T
(08

2_.2
which, with f('z,q) = (e'Z -4 )/(’z - q), o = -x, and B = =, becomes

va vA » Lo o
Md'z~— a -e—Z-—id d'z
d'z - 3'z\'z - q 4
7, 0 7, o
1o o_ 0
z%-q 2_.2
/ / (%+5?z)<?z-q)dq d'z=2/ / %779 aq a'z
va
1,8
=23r'l/2/ e 27 d'z

Therefore, equation (11b) is egquivalent to

22 / ® 2.2 2

e’ (22 -1/2 e - Th o 28 4.

Z(k?\S+l)—rt T da =2 e'2% arg
CQ

h(z)

Il

]

|

Il

(iz)
-Zi/ e'(i'Z)z(i i'z) = -inl/z[erf(iz) + 1]
- (i)
(de) )
—1:/2[2 - erfe(iz)] = izt 4 21 / e=(1'2)%(1 q1q)
(iz)

l

il

[o0]
2
-iZﬂl/Z—Z/ e 27 q'z (11c)

Z

The integration over (iz) begins at minus infinity where the value of the inte-
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gral is zero.

Equation (llc) leads to two expansions:

z
2 2 1,0
k27\§ = -inl/zze"z -1+ 2ze”% / e 2 d'z
0

2 2 22 25
= _anlf2 =24 _ 2(y 2,2 4 & 4 e .64
ixn / ze 1+ 2z (i z Z T %5 Z TR ST Z .
for z << 1 (114)
o0
2 2 2
kgkg = —iZﬂl/zze'z -1 - 2ze~% e 2% q'z
Z
=-121r1/2ze'22+ 1,3 +3><5+3><458><7+.
222 2224 2326 272
for z >>1 (11e)

Of course, if the imaginary part of the complex freguency were positive, the
imaginary term of equation (lle) would disappear. If there were no imaginary
portion of the complex freguency, the integral coefficient of the imaginary term
in equation (1le) would be unity rather than two. Because w >> 7y > 0, the im-
aginary component of the complex frequency 1s very near Zero by comparison with
the real part; therefore, the unit coefficient of the imaginary term of equa-
tion (lle) may be appropriately used.

The error function and imaginary terms of equations (11d) and (lle) are tab-
ulated in reference 10, which arrived while this paper was being processed.

Dispersion Equation for Quantum Plasma

The development for dispersion of longitudinal oscillations in a gquantum
thermal plasma parallels closely that for the classical case. However, in the
quantum plasma, the individual electron could convert its veloclty Ugx at
® =0 to a maximum potential plus the energy of oscillation within the trough of
the wave. The simple quantum theory for a first-state electron in a one-
dimensional box with a width of Zﬁ/k provides the expression for the oscilla~
tion energy 12k%/(8me). Therefore, the maximum potential for an electron
changes from that indicated in equation (14) to

I]’le o hzkz me 2 ¥k 2
~Pmax = EE'(uok - uw) - 8m, € = 52'(u0k - uW) - Eﬁ; (25)
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With this exception, the procedure leading to the integro-dispersion equation is
identical with that outlined between equations (9) and (13). Equation (13) be-
comes

+o0 oo
g%_ f(uok)duok f(uok)duok (26)
tT e ze B 2 (rk \?
M Prax (uok - uw) - Eﬁg
=00 =00
This expression is ldentical with that obtailned in reference 6.
Again the complex frequency 1s introduced (similar to eq. (12)):
Wq = @gp - 16q (O < 6q << qu) (27)
which yilelds
oo
f(u.; )du
- ok’ ok (28)
K2 B\ & 2
A ik
U = - ==
00
This indicates an expansion in a vein parallel to equation (15):
[
5 £ gy ) i
K© o for V8
(ugg - uy)® - (,f;i: >
2mg,
- CI‘——\'I
L L £(ugy ) dugy,
2 2 2
tik
(uox - w)? - (-ZE')
Cr:m
11
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KE 2 frx Y w - Lo Ik
(u, - u)® - [ ok " ¥ " 2m
ok T Y 2mg € w *Hk
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\ =0
f(u )
+ ixn (ik A
4+ ——

Then, for a near Maxwellian distribution,

r‘.. - - - ~N
2
i &h { f(uok) 4 f(uok)
k ) Hik u w , tk }
ok Tk T 2 ok " k = om
i T | |l Lo, fk
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In equation (30) (gﬁf) << (f) , and the final step involves w = Uiy which was
e

also used in the approximate classical case:

—+oo

Cfa)z f(uok)duok
)
Yok = YW/ -~ 2me

oo

cvel

2

<l _ ku’(‘) )4 ;- e
IR R < ku, )
Zmeuwfl -
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(for the lowest order thermal and quantum effects).

Thus, equation (Sl) integrates to yleld the followlng approximation:

(ﬁg)z £(ug) dugy

2 frx \

00

1}
—
elf
S
3]
[ 1
+
o~
e=
%
o
[eRnV]
S
+
/\
(A"
a8
[a¥]
[ I |

ElE

2 2
) 1+ 3KA2 + (%—) (k?\s)4] (32)

L.

for ’kuok/w’ << 1 >> [ﬁkz/(Zmew)]. Again ®» = @, was used in the perturbation
terms.

Now the substitution of equations (30) and (32) in (29) yields the inte-
grated dispersion equation for a quantum thermal plasma:

v \2
of = b - 2lag By = b <1+ 3(KN)E + (Z—UK%) (krg)*
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e

“qp

z
u%[l + 3(kNg)E + (:—rTLe) (kxs)é]

[

2

- s ey T L)

11

o e'%%s—f [(2@)11(;%)]

(k2g)° B
= 6(§Z§e>sinh é%%;) (35)

Then the complex frequency for longitudinal oscillations in a quantum plasma
results from combining equations (34) and (35):

2
wy = apll + % (k?\s)2 + %(%) (k?\s)4

-a(_%_>2 |
- L ‘[; e @ kAS (%KTe)sinh(?£R—> (36)

(202 V3 fa, 2KT,

The group velocity results from equation (33):



Aw, ' = i 2
Tgg = 3%(%): % <°°p?\s)2[5 ¥ 2%) (ms)z]

k

- E%:f’-)—z' 5 4 z(;%%)z(m\s)z] (—E-) (37)

DISCUSSION OF QUANTUM DAMPING

An apparently new noncollisional damping relation (eq. (35)) evolved from
the complex dlspersion equation for longitudinal oscillations in a quantum ther-
mal plasma (ref. 24). This damping factor equals that of Landau multiplied by a
function with an argument proportional to the "plasma quantum” divided by the
electron thermal energy:

8y = a(zKTe)sinh(iu-)P—> (35)

h&b 2KTg
The Landau damping factor & 1s well known; it maximizes at

Bpax = 0-725 ay (38)

where & maximizes with respect to each of the independent variables at

1/z h
1 1
Kls = (3«*; ) “% =
max e %51/3
or e (39)
Mol =2 AF g = 11N
max
w
= g2l=— k 40
“’P]zsmax mg
and
2
e
Te]a T3k k) (41)
max
This maximum Landau damping factor should cause pause. Two major assump-
16
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tions about the complex frequency precipitated solutions of the integro-
dispersion equations and coagulated results suspended in the interdependence of
the real and imaginary expressions. First, the imaginary portion (Iandau damping
factor) of the complex frequency was assumed to be very small compared with the
real part. Second, the real part (thermal plasma frequency) of the complex fre-
quency was approximated by the Langmuir-Tonks (zero-temperature) frequency.

These two assumptions (& << Dep and Dep = ub) are traditionally used to

obtain solutions for both the thermal plasma frequency and the Landau damping
factor; the approximations imply ©° << By 5 which is hardly equivalent to

Omax = 0.725 wp- This problem will be treated in more detail in the next sec-
tion. However, the Iandau damping factor plunges past paucity as any one of its
variables moves from the value at the maximum damping factor. This effect is
shown in table I, where the ratio of Landau damping factor to Langmuir-Tonks
plasma frequency is presented for various values of wavelength divided by the
wavelength at maximum damping. Of course, a similar sharp definition of Spax
can be shown for A, which includes effects of electron density and temperature.

Therefore, the assumption of a very smell imaginary term in the complex frequency
is, 1n general, a good approximation.

Three more major assumptions play parts in the developments of both Landau
effect and the quantum damping factor. First, small disturbances produce plasma
potentials. Second, if the temperature is high enough, the Maxwellian distribu-
tion approximates the Fermi fluid. Third, in the perturbation terms of the ex-
pansion for the complex frequency, the Langmuir-Tonks value replaces the thermal
plasma frequency with little error. This (uhp = ub) might 1imit the quantum

thermal frequency to 1.25 times that of Langmuir-Tonks (qu = 1.25 db)'

The Maxwellian substitution implies operation above the degeneracy tempera-
ture; however, RPA results indicate that long-range interactions should extend
the validity of the classical approximation to temperatures below the degeneracy
level. Therefore, a more than safe lower limit for the present derivation is the
degeneracy temperature, which i1s of the order of the Fermi energy divided by the
Boltzmann constant:

(42)

o 2/3
Ef h2 <3ne>

Table II records plasma properties computed for various electron densities
at the regpective degeneracy temperatures.

Ags electron density drops and/or temperature climbs, Sq/6 decreases
(table III); for temperatures greater than 10 ﬁaﬁf(ZK) (last column of table II),
Sq/B 1s effectively unity (table III). Of course, Sq/S ylelds the quantum

damping factor when it is multiplied by the Landau relaxation time, which is a
function of @y and kAg. The wavelength (Zﬂ/k) of plasma oscillations must be

greater than the Debye distance. In addition, k, A , and @, are restricted by

17
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the assumption gp = ¢ (arbitrarily, Cgp < 1l.25 &p). Some of the limits for

kAg and hap/(BKTe) are listed in table IV; these results were obtained by sub-
stituting 1.25 @p for wyp in equation (34).

This discussion indicates the restrictions imposed on the variables of the
gquantum damping factor by assumptions used in the derivation. The Landau factor
can be used as an approximation, where its assumptions apply, for damping of lon-
gitudinal electron oscillations in plasmas with electron temperatures higher than
10 hab/(2K). However, the quantum damping factor must be used for plasma elec-

tron temperatures lower than ﬁab/(ZK).

EFFECTS OF FREQUENCY PERTURBATION ASSUMPTION

In the preceding section, it was strongly intimated that the usual approxi-
mate solutions for the plasma dispersion equation are badly malformed in a criti-
cal region. Near the Landau damping maximum and the Debye distance, the substi-
tution of the Langmuir-Tonks frequency for the thermal plasma frequency in per-
turbation terms of the expanded solutions fails miserably. Therefore, in this
vital area of thermal plasma properties, the frequency and damping factor for
longitudinal electron oscillations are unreliable estimates. Furthermore, not
far from this location, the ILandau damping factor is effectively zero, and the
thermal plasma frequency 1s beautifully approximated by the Langmuir~Tonks value.
Thus, the approximate results for plasma dispersion seem to have very limited
applicability.

The conventional approximate plasma dispersion solutions invoke the fre-
quency perturbatlion assumption to decouple and simplify involutions of real and
imaginary frequency terms. If the thermal and damping contributions to the com-
plex plasma frequency remain small, the final dispersion expressions are rela-
tively uncomplicated. Then, the terminal expansions for thermal plasma frequency
and damping are merely separated and trimmed to the lowest order perturbation
terms; as a result, each of wep and & 1s expressed as the product of the
Langmuir-Tonks frequency and a simple function of kAg (egs. (21) and (22)).
These reduced solutions for Lop and © yileld a thermal plasma frequency that
is 00 percent greater than the zero-temperature plasma frequency at the damping

factor maximum (wcp = % Wy at Bpygx = 0.725 wp). As the wavelength for plasma

electron oscillations decreases from maximum damping toward the Debye distance,
the thermal influence on plasma frequency increases strongly. Because this is a
particularly pertinent part of plasma properties in energy conversion and other
technologies, it would seem that many existing treatments of longitudinal elec-
tron oscillations in thermal plasmas quit before they really start. However, if
the expanded complex-frequency expressions in their complete forms are solved
simultaneously for wcp and ©, the freguency perturbation assumption wcp = wp
is unnecessary for small k. The following equations show complete expansions
for frequency, damping factor, and group velocity for longitudinal electron os-
cillations in a classical thermal plasma and indicate where the frequency pertur-
bation assumption fails:

18



2 o 2
_u%p'ZIQ%pg"g
1/2 3 2(a kA, )@
R , 2 AW AR “ptis .
- - Wl - 3iaf B - 3n, 8% + 108°) [=—] e (43)
%(2> (cp cp cp )<k?\sj

In this equation the contribution of the imaginary term of the complex fre-
quency is included only in the integration arcund the pole at upx = u/k (see
eqgs. (14) to (17)). This approximation is a good one because the real part over-
whelms the imaginary portion of the complex frequency everywhere except near the
damping factor maximum (table I). Therefore, inclusion of the imaginary term of
the complex frequency in the integration that now proceeds along the real axis
would greatly complicate the solution without improving it effectively.

Equation (43) can then be separated into its real and Imaginary parts. The
first yields the classical thermal plasma frequency:

KA\ @ s\ TRV
wgp=ugl+s<i_5) +5<5u.) +7<L“LS.) TN (e

Cep “ep “ep

8
5( 307 ol - 8%)cos _Lep® w, ( - 362)sin~—:ﬁza———
_ o s
[€V)
o

2 2
) a%2~6

A\1/2 3 2(wgkng)?
@R w

and the second gives the damping factor for a classical thermal plasma:

VY
5(3_1)2 - 52)51n —_E-—_.l_ (‘ng 352)(105 ! E - ) LL%-E o) _
5 - (apkig )2 (@ kng) (E)l/2<_l_~)3 . 2(wping)
“ep™p 8 khg

(45)

Equation (44) can then be differentiated with respect to wave number to pro-
duce the group velocity for longitudinal electron oscillations in a elassical

thermal plasma:

19

21



o4

AﬂmArw.f e m: G -

( Sy % )42
FASAaaR) ire(gea+ 9% g0t - )
[ole) Y €e
g
s 1o - T, dey + dog, OT + A0y I = Ahviu.,l
e ; ST S o+ o R e 2/UT e
S ﬂmAumm‘ 5 e «vm Eh + NSk sg AP o S/ 2 o )2 2/
o c c ) . : © BN
287 o

hd

3
o)

20



Equations (44), (45), and (46) can be used to compute approximate values of
classical thermal plasma frequency, damping factor, and group velocity for longi-
tudinal electron oscillations without the frequency perturbation assumption.

This should indicate the extent of aberration by approximation and reveal whether
the simplified theory for the plasma electron oscillations applies in the iImpor-
tant region near the damping factor maximum and the Debye distance.

Inverse binomial expansions were used in the integro-dispersion expressions
for the present calculations; however, exponential series {eq. (114)) would have
yielded similar results. The same general restrictions apply to both expres-
sions, and both reveal the problems caused by the frequency perturbation assump-
tion.

As it was stated after equation (lle), results for frequency and damping of
longitudinal oscillations of plasma electrons are presented in reference 25.
There the error function and the imaginary terms of the dispersion equation for
a classical thermal plasma (eqs. (lld) and (lle)) are tabulated.

FORMULAS FOR COMPUTED RESULTS

Computed results related to dispersion and damping in classical and quantum
thermal plasmas are presented in table V. The formulas for the items recorded
in table V are given here in the vertical order of tabulation; where several
plasma characteristics exist in one row, these properties are listed in order
from left to right before proceeding to the next lower vertical level:

N-E, electron number density, electrons-cm‘s, Ng

LAMBDA-I, "plasma lattice spacing,” cm between adjacent ions, A; = nél/5

2/3
o _hZ (e
E-F-0, zero-temperature Fermi energy, ev, Ep = \Bm
me \8x

°k, ™0 = E%/K

T-E-0, degeneracy temperature, e

OMEGA-P, Langmuir-Tonks (Zero—temperature) plasma frequency,
radians-sec™l, wy = (4nneez/me)l/2

LAMBDA-OP, free-space wavelength for electromagnetic radiation at zero-
temperature plasma frequency, cm, xop = Bﬂc/ab

T-E, electron temperature, OK, Te
P-E, electron pressure, atm, p, = neRTe/(S.OZZBXlOZB)
LAMBDA-S, Debye distance, cm, Ag = [kTe/(4nne€2[]l/2
DELTA-Q/DELTA ARG, *owp/(2«Te)

DETIA-Q/DELTA, 80/5 = [2xTe/(fuyp)]sink [,/ (2x) ]
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LAMBDA-W, wavelength of longitudinal electron oscillations in a plasma, cm,

Ny

K, wave number of longitudinal electron oscillations, cm'l, k= Eﬂ/Kw

z2a

OMEGA-0, free-space frequency of electromagnetic radiation having a wave-

length equal to that for longitudinal electron oscillations,
radians—sec'l, w, = ck

EPSILON, plasma dielectric constant, € = 1 - u%/a%

V-EMP, phase velocity of electromagnetic radiation with a wavelength equal
to that for longltudlnal electron oscillations, cm-sec l

Vemp = c/(l p/

P, plasma penetration depth for electromagnetic radiation with a wavelength
equal to that for the longltudlnal electron oscillations (with Wy < lﬁ)’

cm, p = zﬁc/[%(l - uﬁo/u% . 2]

OMEGA-CP, approximate classical thermal plasma frequency, radians-sec‘l,
3 2
= + -
@ep %[l A (k?\s) ]
OMEGA-CE/OMEGA-P, w.,/w,

LAMBDA-OCP, free-space wavelength for electromagnetic radiation at approxi-
mate classical thermal plasma frequency, cm, xocp = Zﬁc/abp

UPSILON-PCP, approximate phase velocity of longitudinal electron wave in a
classical thermal plasma, cmrsec“l, Upep = abp/k

UPSILON-GCP, approximate group velocity of longitudinal electron wave in a
classical thermal plasma, cm-sec™L, Usep = Babp/ak = B(Qbks)zk/ubp

DEITA, Landau (approximate classical) damping factor, sec'l,

s b (0)° enz‘kis)z

(kks)s S
DELTA/OMEGA-CP, &/ Wop,

OMEGA-QP, approximate quantum thermal plasma frequency, radians—sec'l,

2
typ = cup[:l + —2— (kAg)% + %—C;K%) (k?\s)4]

OMEGA-QP/OMEGA-P, ayp,/w,



LAMBDA-OQP, free-space wavelength for electromagnetic radiation at approxi-
mate guantum thermal plasma frequency, cm, Koqp = Zﬁc/&qp

UPSILON-PQP, approximate phase velocity of longitudinal electron wave in a
quantum thermal plasma, cm—sec'l, Upgp = qp/k

UPSILON-GQP, approximate group velocity of longitudinal electron wave in a

-1 = (k/wg,)( A)23+zﬁ—wp—2(k7\ )2
quantum thermal plasma, cm-sec™ ™, Ugqp = K/ Wgpd LdpAg 2K, s
1 aKkTg hﬁg
DELTA-Q, approximate quantum damping factor, sec™, 8q =0 fioy sinh KT,

DELTA-Q/OMEGA-QP, 8o/ wyy

WITHOUT OMEGA-CP = OMEGA-P, the following calculations for a classical thermal
plasma were made without the simplification of the frequency perturbation as-
sumption:

OMEGA-CP, classical thermal plasme frequency, radians-sec’l, eq. (44)
OMEGA-CP/OMEGA-P, a,p/wy,

LAMBDA-OCP, free-space wavelength for electromagnetic radiation at clagsical

thermal plasma fregquency, cm, Kocp = Zﬂc/ubp

UPSILON-PCP, phase velocity of longitudinal electron wave in a classical
thermal plasma, cm—sec'l, Upep = wbp/k

UPSILON-GCP, group velocity of longitudinal electron wave in a classical
thermal plasma, cm-sec'l, eq. (48)

DELTA, damping factor for longitudinal electron oscillations in a classical
thermal plasma, sec™l, eq. (45)

DELTA/OMEGA~CP, 8/w.p

DISCUSSION OF COMPUTED RESULTS

Table V contalns computed approximate values of frequency and damping func-

tions for classical and guantum thermal plasmas. Some other plasma characteris~
tics that derive simply from the variables of the dispersion equation are also
tabulated. These properties and their defining equations are listed in the pre-
ceding section. The results were calculated for electron number densities from
105 to 1024 per cubic centimeter, temperatures from either 10 or the first inte-
gral power of 10 below the degeneracy temperature to 107° X, and wavelengths from
Jjust greater than to about 10° times the Debye distance.

Table V reveals the regions of plasma conditions where the Langmulr-Tonks

23

25



frequency can be used with impunity to approximate the complex plasma frequency.
Furthermore, the numbers indicate the limited area in which the frequency pertur-
bation assumption (@bp or dWgp = up) applies in dispersion expressions for ther-
mal plasmas. The boxes enclose results computed when using the frequency pertur-
bation assumption where it does not hold. This assumption has a pronounced ef-
fect on the approximate damplng factor; extreme care should be exercised in the
application of the simplified damping factors, particularly in view of the fact
that they are exponentials.

The Landau damping factor with its limitations can be used for electron tem-
peratures higher than 10 ﬁ@p/(ZK). However, when temperatures are lower than

hwp/(ZK), guantum effects of longitudinal electron oscillations must be consid-
ered 1In the damplng of these waves.

Finally, values are recorded for a classical thermal plasma computed without
the use of the frequency perturbation assumption but with the restrictions of the
expansion technique. These can be compared with the more approximate results for
the complex frequency. It is also gratifying to note that the damping factor is
always small by comparison with the thermal plasma frequency when the frequency
perturbation assumption is not used for the classical plasma.

Similar results could have been obtained using exponential rather than in-
verse binomial series in the expanded dispersion calculations. In any event, it
is clear that the frequency perturbation assumption renders the expression for
the complex thermal plasma frequency qualitative in the regions where temperature
effects are important.

The approximate thermal plasma frequency (refs. 2 and 3) and damping factor
(ref. 4) combine simplicity and profundity. Therefore, they are appealing weap-
ons in any assault on plasma dispersion problems; in fact, there is a tendency to
wield them with abandon. However, these simplified solutions apply in a very
limited region. They fail near the Debye distance and the damping factor maxi-
mum. This, unfortunately, is the place where they are needed; not too far from
the Landau factor maximum, damping is nil, and the Langmuir-Tonks frequency is an
excellent approximation.

For these reasons, the arrival of reference 10, during the final review of
the present paper, was particularly propitious. Reference 10 records values of
real and imaginary terms resulting from the integration of the error function in
the complex plane. These are the numbers to use for safe calculations of classi-
cal plasma dispersion effects where damping and thermal influences on frequency
are Important.

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohioc, March 7, 1963

24



APPENDIX - SYMBOLS

(Symbols for table V are given in section entitled FORMUIAS FOR COMPUTED RESULTS)

C

=

indicates integration around the poles on a path with radius r =ao 1in
velocity plane

speed of electromagnetic radiation in free space
Fermi energy at 0° K

zero potential velocity distribution function for dimension contain-
ing k

Planck constant (h) divided by 2x

wave-number equivalent electron momentum at Fermi level

wave vector, given by Zn/% and having propagation direction
mass of an electron

electron number density

universal gas constant

absolute temperature of electrons

degeneracy temperature

time

clasgical group velocity

zero potential velocity in dimension including wave propagation vector
quantum group velocity

wave velocity

distance vector in wave propagation dimension

very small increment in complex velocity plane

Landau damping factor

damping factor for a quantum plasma

electronlic charge

Boltzmann constant



U.)Cp

“p

%)

max

26

wavelength

Debye shielding distance

charge density corresponding to maximum potential
potential

maximum potential

amplitude of potential function

complex angular frequency for longitudinal oscillations in a classical
thermal plasma

angular frequency for longitudinal oscillations in a classical thermal
plasma

Langmuir-Tonks plasma frequency (for a "cold" plasma)

complex angular frequency for longitudinal oscillations in a quantum
thermal plasma

angular frequency for longitudinal oscillations in a quantum thermal
plasma

indicates value of preceding variable at & maximized with respect to
preceding variable
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TABLE

TABLE I. - LANDAU DAMPING
k 2
o | %P
1/s |2.2xw0-14
1/3  |1.2xw07%
1 7.3x1071
3 1.0x107t
5 2.5x1072
10 3.2x107°

II.

- DEGENERACY PROPERTIES OF PLASMAS

el

cm

ev

3,
°K

De
at Tg,

atm

Ks
at Tg

cm

fwbo

2K19

e

aq/a
at Tg

1014
1010
1016
107
1018
1019
1020

1021

w

.Bax10lt
.78x1012
. 64x1012
.78x10+3
.84x1012
.78x10%4
.64X10+4

.78x10%°

7.85x1076
3.65X107°
.69x10™%
7.85x10™%
3.65X107°
1.69x1072
7.85x1072

3.65x10" L

9.11x1072
4.23x10"L1
1.96x10°
9.11x109
4.23x10%
. 96X10%
9.11x102

4.23%10°

1.24x107°
5.76x10-8
2.68x10~°
.24x107%
5.76X10™0
2.68x107t
.24x10%

5.76x10%

2.08x10~7
1.42x1077
9.67x1078
6.59x10°8
4.49x1078
3.06x1078

2.08x10~8

.42x10-8

16.

11.

47

.09

.47

.56

.61

3.89x10°
3.06X10°
2.65x10°
.18X102
.60x10%
4.62x10°
2.23x10°

1.49x100

o

6.

|ao]
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TABLE IIT. - PLASMA DAMPING FUNCTION
iﬁ E‘l = <2KTe)sinh(ﬁﬁp )
ZKTe 3} ’ﬁcup ZKTe

0 1

.01 1.0000
.05 1.0004
.10 1.0017
.50 1.0425

1.00 1.1752

2.00 1.8134

3.00 3.3393

4.00 6.8250

5.00 1.4840x10%

7.00 7.8331x10%
10.00 1.1013x103
15.00 1.0897x10°
20.00 1.2129x107
25.00 1.4401x10%
30.00 1.7811x10+11

TABLE IV. - VALUES OF PARAMETERS
FOR wgp = 1.25 w,
s 13 (0g)? | D

2KT

0.408 | 0.250 0

.40 .240 .884
.35 .184 2.97
.30 .135 5.32
.25 .0937 8.95
.20 .0800 | 15.4
.15 .0337 | 29.2
.10 .0150 | 68.6




4 V. - DISPERSION AND DAMPING TN

A

FRMAL, PLAD

N-e= L.V U3
LAMBCA-T= 1.0000000e-0L E-F-C=
£ Ul
1.36242287-18 LAMBOA-S=

LAMBUA—-W

K

UMEGA-O

EPSTLON

V-EMP

P

UMEGA-CP
UMCGA-LP /UMEGA-P
LAMBOA-OLCP

UPS FLON-PCP
UPSTLUN-GLP
DELTA
CELTA/UMEGA-CP
UMLGA-GP
UMEGA-UP/ OMEGA-P
LAMBLA-DUP
UPSLLUN-POP

UP S TLON- GJIP
VELTA-Y

Ukl TA-u/OMEGA-LP

UMEGA-CP

UMe GA-CP /UMEGA-V
LAMBLA-DLP

UPS [LUN-PLP
UPSILUN-GLP

1.0000000E JU
6.28318528 00
1.88354461E 11
9.9999393E-01
2.93715600€ 1O

3 b4alaTIE-13

6. 90143196-01

3.0000000L QO
2.094 3951k 0O
6.27849437: 10
9.7999999E-01L
2.937T600E 10

T-£-0=

DELTA-U/DELTA ARG=

1.03000C0¢ O1L
6.24318592€-C1
L.8d35481E 10
3.3999998E-UL
2.9977600E 1O

4.2307061E-U9

5.209)1498 07
2.9205%213% Ui
3.619271028 03
8.2919390E 06
5.4839658E 05
1.3350578E 04
2.5625014£-04
9.2099789 07
2.9£09213E ol
3.6152701E 03
8.2919390E usb
5.4E39658E U5
1.3350578C U4
2.5625014E-0%
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4.1339]126E 0D
2.53411150 D4
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1.2916320¢ 06
2.913321%E 09
3.9513087L-02
7.37457296 06
4.13391268 00
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l.2714350c 06
V1392140 05
3.9%91308617€-G2
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1.2820521E 00
B.2356038E 04
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4.1970298E~0G1
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1.2820%21t 0O
A.2356038t 0%
3.6400002E 06
1.2492%U2t Ce
9.5989410E G5
4,1970298E-01

8.9999999 00
5.04906678 VO
2.0%9243118 U4
1.4323945€ ub
1.2303834c Oo

wITHUUT
3.H4262500E 06
2.1616710 DO
4. 8844036F 04
1.8412237¢ 06
1.2350963t 06

OMEGA-CP APPROXIMATELY tLQUAL

2.3050781L 06
1.2921414t 0O
8.1712985E U4
3.6586458E U6
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PLLTA 1.1429274E L& 3.323271% 05 1.0692267¢ 06 L.2264698E-03 -0, -C.
UELTA/OMEGA-CP 1.9d11382E-04 4.H76C%38E-02 4.5635193E-01 6.6887211¢-10 -0. -C.
UMLGA-GP 5. 76904428 07 6. BLB5077E 06 ?.34298010 06 1.8342367t C6 1.7839259C 06 1.7839209F Ce

UMCGA-GP/ OMEGA-V
LAMBUA-LWP
UPSILUN-PQP

V¢S TLUN-LWUP
DELTA=Q
UELTA-W/UMEGA-UP

UMCGA-CP
UMEGA-CP/OMEGA-P
LAMBUA-OCLP

UPS TLON=-PCH

UPS TLUN=-GCP
DELTA

DEL TA/OMELA-CP

3.23391268 U}
3.2049223E 03
2. 79651576 OF
1.65%0B423EC 06
1.142792 14k U4
1.94113826-04%

3.H20521 3 00
/.7636211L 04
L.0847218L G7
4.13210821 06
3.32327140 05
4.HT160438E-02

1.3133913E 00
R, (13909228 04
1.11867350 27
4, 004B053F 06
1.0622262k 06
4.5635193E-01

Y.418749% 06
S.2198345E UL
1.33977857E 04
4.657121RE U
3.B39Cu3nb0 U6
1.6750L000 wu
1. 7786 716E-Uc

1.0282052¢ CU
L.0268839L 05
?7.9192785 07
L+55T0695E Ve
1.2268698E-03
b.6887211L-10

1.0000028t GO
1.0958464k 05
2.8392062¢ 09
1.60159948 04
-0.
-0.

W TTHUOUT CMEGA-CP APPACXIMATELY EQGUAL TO OMEGA-P

3.72812908 D6
2.0s98488t Q0
5.Gh226b66L 04
5.4334303c 06
3.77209430 Q6
6.362350000 U2
1.7566219-31

2.3017187F 06
1.3238921t 0O
7.97532178c G4
Letd763768 07
Y.66657130 06
2.1093758 U5
l.1418663E-0L

1.4312500E 06
1.026530%9¢ 00
1.0289587L 05
2.91465269t 07
1.4916179c 06
3.0937498E-04
1.6B8964197E-10

1.7839210k Q6
1.0000001E 00
1.0558473L 05
2.83391984E 0%
1.6016046E 04
Q.

0.

1.CCCCOCCE Q0
L.C558473€ 05
2,8391983t 11
1.6016039€ 22
-Ca
- 0.

1. 7€3921CE D&
1.0c0C001€ Q0
1.0958473E 05
2.8191984E 11
1.6C16036E 02
C.

Q.

31
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TABLE V. - Contfrued. DISPERSION AND DAMPING IN A THMERMAL PLASMA
N-b= 1.0k 03
LAMBDA~[= 1.L000000L-01 €E-F=-0= 3.06457673E~13 T-t~-0= 4.2307041¢-09 OMEGA-P= 1.7RIY2049E 06 LAMBDA-CP= [.0558473E 05
T-t= 1.0E @3
P-E= 1.3624228E-16 LAMBUA-S= 6.4014320€ 0O OELTA-Q/LELTA ARG= 6.91723069E-09 LELTA-Q/DtLTA= 1.U000CO0E 00

LAMBDA-W
K

UMEGA-{)

EPSILUN

V-LMP

P

OMEGA-CP
OHLGA-CP/UMEGA-P
LAMBOA-UCP

UPS ILUN-PCP
UPSILON-GLP
DELTA
CELTA/DMEGA-CP
UMEGA-QP
UMELA-QP/UMEGA-P
LAMBDA-QUP

UPS [LON-PLP

UPS ILON-GUP
DELTA-Q
BELTA-U/OMEGA-QOP

UMEGA-CP
OMUGA-LP/UMEGA-P
LAMBOA-OCP
UPSTLUN-PCP
UPSTLUN-LCP
DELTA
DELTASUMEGA-CP

L.0000000E 01
6.2831852E-01
1.8835481€ 10
9. 9999998E~ 0L
2.9977600E 10

3.0000000E Ot
2.0963950E-01
6.2784936C 09
9.9999922E-01
2.9977601Lt 10

1.00000u0L U2
6.2431851E-02
1.8435%4&1E 09
39979909 E-01
2.79776l13E 10

5., 2099791 07
2.9205214E 01
3.6152700E 03
8.29149394 07
5.4839658E Cb
1.3350578L U4
2.5625012E-0%
5.2099791f u?
2.9205214E 01
3.6152700E 03
B.2919394€ U7
5.4839658E 06
1.3350578 04
2.56250126-04

1.3749731E 06
4.1339127t 00
2.5241114k 04
3.9210994E 07
1.2714351 07
2.9139213L 05
3.951 3084E-02
Ta3745731E G6
4.1339127¢ 00
2.55411 14t 04
3.5210994k 07
1.2914351k 07
2+91339213E 05
3.95130848-02

2.2870795L 06
1.2620521E U0
B.2356038E 04
3.64G0C03E ©7
1.24925C2k Q7
?.54989417c 0%
4. 1970300E-01
2.2870 799 06
1.2620%21E 0O
8.2356038C U4
3.6400003E u?
1.2492502¢ 012
3.589414k U5
4.1970300€-01

3,0000000t 02
2.09439506-02
6.27844937€ 08
9.9999192E-01
2.9977721E 10

L.8394274E 06
1.0313391E 00
1.023763%E 0%
B.7845289E 07
5.1764541F 06
1.6961931t-02
8.1322471E-09
1 H3IFH2T4E 06
1.0313391t 00
1.023763%F 05
R.7845289E OF
5.1764541t 0b
1.4961931€-02

8.9499999E 06
5.0450667E 00
2.0928313E 04
1.4323945¢€ 07
1.2303835€ u7
1. 775C000€ 05
1.3722222¢-02

hITHOUT OMEGA-CP APPROXIMATELY LUUAL 1O

3.8502%00L 06
2.1616T10E 00
4.8864036L 04
1.8412238€ 07
1.2050%64L 07
5.,9750000€ 05
1,9494327E-01

2.3050781E Go
1.2921414E 0O
8.171298%F 04
3.6686459E 07
1.2047329E 07
2.3671875¢F 0%
1.02694461-01

H.13224716-09

1.8375000E ve
1.0300345E Q0
1.02506u2c 05
H4. 713616t OF
4,9264550C¢ U6
3.6874998E-03
2.0068026E~09

1.CC00000E 04
6.2831B526-04
1.8835481¢ 07
9.9102988£-01
3.0112962€ 10

1.78397128 06
1.0000282¢ 00
1.0558176E 0§
2.8392783 09
1.601558B8E 05

-0.

-0.
1.7839712k
1.0000282¢
1.0558176E 05
2.8392783E 09
L.6015588E 05

-0.

-0.

06
o¢

OMEGA-P
1.78392108 06
1.0000001t 00
1.,0558473k 05
2.8391984c 09
1.6016136E 05
0.

0.

1.0CCCO00E 06
6.2831852€-06
1.8835481€E 05

L1.0617824E 05
1.7835209E 06
1.0CCQ000E oC
1.0558473k 05
2.8391943 11
1.6C16039k 03

~Ca

-0.
1.7839209¢E 06
1.CCCCOO0E Q¢
1.0558473€ 0%
2,8351983€ 11
L.6Cl&039€ 03

~C.

-0.

1.7839210¢F
1.8CCCO01E
1.05%8413€ 05
2.81391984€ 11
1.6C16036E 03
C.

c.

N-k= 1.0t 03
LAMBDA- 1=

LAMBCA-W

®

OMEGA-D

CPSILON

V-gHp

P

OMEGA-CP
UMLLA-CP/UMEGA-P
LAMBLA-ULP

UPS TLUN-PLP
UPSILUN-LLP
VELTA
LELTA/UNMEGA-CP
UML Ga-yP
UMCGA-GP SUML CA~P
LAMB DA ~uGr

UPS ILON-PuP

UPS TLUN=-LUP
OtLla-g

ULe TA-L/UMEGA- VP

uMEGa-CP
UMLLA-CP/UMEGA-P
LAMBUA-ULP
UPSLLON-PLP

UPS TLUN-GLP
Oev A
LELTAZUMEGA-CP

L.GO00000E-01

«3624228E-15

E-F-0=

LaMBOA-S= 2,

3.0000000t 01
2.0943950€~-01
6.2184%36E 09
9.9999992¢£-01
2.9377601E 10

3.645%74TIE-113

LB24s44E O 213

1.0000000t 02
6.78318516-02
L.88354ult 09
9.9999909e-01
2.9977613k 10

T-E-0=

LTA-GW/DELTA ARG=

3.00000C0E 02
2.0943950t-02
6.2784537E OR
3.99%9192E-01
2.99717721€ 10

4.2301641E-09

CMEGA-P=

6.8123070E-1C

L.0000000E 03
6.28318526-03
L.883%481E 08
9.9991030€-01
2.3978B944E 10

S. 169442 07
3.2339126E 0L
3.7649223E 0}
2.75451588 04
1.6308423€ 07
1. 1429274k 04
L.9dli382E-06
5. 76904428 07
5.2339126E Ul
3,2642223¢ 03
2. 7545158€ Gd
1.6503423€ 07
L.142924E 04
L9811 382604

6.8155079C 06
3.8205214t 00
2.7636211E 04
1.0467218L 08
4, 13210428 07
3.3232714r 05
4.BT60436€-02
648155079 06
1.82052148 00
2.7636210t D4
1.00472188 08
4.14210682¢ 07
3.3232714L 05
L.nT60636L-02

2.342930lt 06
1.3133913c 0D
B.0390922C 04
1.11869135€ 08
4.,0648053E 07
1.0692263t 06
4.56351495¢-01
2.3429861¢ G
1.3133913€ 00
H.0390922¢ U4
1.1iB6735¢ 08
4. 0648053 0T
1.0692263E 06
4256351956-C1

1.8342367E 06
1.0282052t 0O
1.0268839E 05
2.9132744E 08
1.5576696E 07
1.2268706€E-03
6.6887257~10
1.8342367€ 06
1.028205%2€ 00
1.0268849E 05
2.9192784E 08
1.297669GE 07
1.2268706t-03
6.68RT25TE~10

H.4187499% 06
5.27198025%C U0
19997857k 064
4.497121% 67
3.8506 3868 C7
L.67500008 U»
l.l7vs6T6k-00

wl THOUT OMEGA-CP APPRUXIMATELY EQUAL 10

3.72812%0t 06
Z.0B38488E 00
9.05226668 04
5.9334953L 07
3.7720963c 07
G4 36250L00 05
1.7066219i -0t

2.3617187¢ 06
1.3233921t uo
T.3753278c C4
1.1276377¢ A
3.666571%¢ Q7
2.71093750 Us
1.14786630-01

1.8312500€ 06
1.0265309E Qv
1.0285587t 05
2.9145249E U8
1.44%16179E 07
3.0937498L-04
L.6A24197L~10

1.7839209E 06

DELYA-Q/DELTA=

1.0000000E 04
6.2831852k-04
1.8835481€E 07
9.9102988¢-01
3.0112962€ 10

1.7844240¢€
1.0002820F 00
1.0555496E CS
2.8399990E 09
1.6011523E 06
-0.
-0.
1.7844240€ 06
1.0002820€ ¢C
1-.C555496E 05
2.8399990€ 09
1.6011523€ Cé6
-C.
-0.

Ge&

QMECA-P
1.7439210 06
L.0000001E 00
1.0558473L 0S
2.8391984€ 09
1.6017037 C6
Q.

0.

LAMHDA-CP= L.0598B473€ un

L.0C00C00E 00

1.0C0C0Q00E Q6
6.2831852F-00
1.8835481€ 05

1.Ce17824E
1.7839209E
1. 0C00000E o¢C
1.0554473F 05
2.B3S1983E 11
1.6C16039¢ 04

-0.

~C.
1. 7839209 06
1. CCCCOQOE 0C
1.0558473€ 05
2.B83G1943E 11
1.6C16039E 04

-0.

-C.

05
06

1. 76833210€ 06
1.0CCO001E @@
L.C558473¢ 05
2.83%1984F 11
1.6C16036E 04
Q.

C.




Sontlrwed. DT

SEERS DON

AND DAMPINIG 1N A

FRMAL

PL.ASMA

3.64>T4T3E-13

I016314E 0L

3.0000000E G2
2.0343950E-02
6.2784937E 08
9.9999192C(-01
2.99177¢1t 10

T-

E-0=

UELTA-L/lelTa ARGS

1. 0U00ULGE U3
64283148520
1.B8835481€ 0A
2.9991030E-C1
2.9978944E 10

4.2307061E-G9

N-t= L.0E 03
LaMuCA-1= 1.0000000i-01 E-F-0=

&= l.0F 0%
P-px la36242280L-14 LAMBOA-S= &.
LAMHDA-W L. 0GCUQCOE L2
K 6.2831801E-U2
MEGA-D 1.8815481E U9
£PSILUN 3.3599909t-G1
V-EMP 2.9577613¢ 10

P

OMEGA-LP 5.209378B9€ Q7
OMLGA-CP/OMELA-P 2.9205213E 01
L AMBUA-OCP 3.6152702E 03
UPS ILON-PCP 4.2913391k 08
UPS ILUN=-GCP 5.4B3G65BE 07
DELTA 1.335057HE G4
UEL TAZUMEGA-CP 2.9625014E-04
UMEGA-UP 9.2093789% 07
UMEGA-QP/UMEGA-P 2.9205213c 01
LAMBOA-UWGP 3.6152701E 03
UPS ILON-PULP 8.2912391E 08
UFSILON-GWP 5.4833649BE 07
QELTA-Q 1.3350578€ 04
OeLTA-w/OMEGA-QP 2.5625014E~04

UMEGA-CP
UMEGA-CP/UMEGA-F
LAMBOA-GCP

uUPS ILON-VCP
UPSTLUN-GCP
DELTA
DELTA/UMEGA-CP

7.3745729C 086
4.1339126t 00
2.5%41115¢ 04
3.5210992¢ 08
1.2914351t 08
2.9139215k 05
3.9513087E-02
T7.3745729¢8 06
4.1339126E 00
2.5941115E 04
3.5210992t 048
1.2914351t 08
2.9139214E 0S5
3.951308TE-02

2.2R70795L Qb6
1.2620521¢ 00
B8.2356038¢ 04
3.6400002F 08
1.2492502¢ 08
3.5983412L 05
4.1970298£-01
2.2870795€ 06
1.2820521¢ 0O
8.2356038c 04
3.6400002€ OH
1.26492502t 08
9.5989411f 05
4.1970£98E-01

AMEGA-P=

6.8123063E~11

3.060000Ce 03
2.0943951¢(-01
£.2784938BF OT
9.991926HE-01

8.9939999E Q6
5.04500667E U0
2.0928313E U4
1.4323945c UB
1.72303835€ U8
L. 7750000 05
1.9722222€-0¢

1

.7839205E N6

CELTA-U/DELTA=

1.C000000C G4
6£.2831852E-04
1.B835481E 07
9.9102988E~C1

wITHOUT OMEGA~CP APPRUXIMATELY EQUAL TG OMEGA-P

3.H8562500E 06
2.1616710E 00
4.8844036E 04
1.8412238E 08
1.2050963c 08
5.9150000t 05
1.5494327E-01

2.3050781E
1.2321414¢L
8.1712985E
3.6686458E
1.2047329¢ 08
2.3¢718758 05
1.0669446E-01

[+1.3
[0}
04
08

LAMBDA-DP= 1.0558473€ 05

1.0000CCCE 0O

1.0C0CO00E 06
6.2E31B52E-06
1,8835481E 05

1.C617824E
1.7839213¢E
1.0CCCOO3E
1.05584TLE
2.8391990€
1.6C16035E

-C.

-Q.
1.7835213¢F
1.0CCCO03E
1.0558470E
2. 8391990
1.6C16035E

-C.

-C.

as
as
oc
a5
11
[+53

06
o1V}
05
11
05

1. 7B39210€
1.0CCO001E
1.0558473E
2.8391984€E
1.6C16037E
0.

0.

06
oo
05
11
[3

J.u49T74T3E-13

Lo24244t 02

1.0000C0UDE 03
6.2831852¢-01
1.8835%4481 08
3.99910308-01
2.9978944¢ 10

T-£-0=

DELTA-Q/UELTA ARL=

3.0000000€ U3
2.0143951t-03
6.2 F369380 07
7.9919268€-01
2.39B9707E 10

4.2307041E-CH

N-E= L.OE 03
LAMBDA-1= 1.0000000£-01  €-k-0=

T-k= 1.0t 06
P-f= 1.3626227E-13 LAMBDA-S5= 2.
L AMBDA- W 3.0C00000NE G2
3 2.0943950E-02
UME SA=N 6.2784937E 0B
EPSILON 9.9999192E-01
v-tMp 2.9977721E LU

[

UMEGA=-CP 5.76904426 07
UMEGA-CP ZUMEGA-P 3.2339126c 0L
LAMBLA-0OCP 3.2649223€ 03
UPS 1LON-PCP 2.1545L58E 09
UPSTLUN-GLY 1-6504423¢ 08
DELTA 1.14292 768 U4
DELTA/UMEGA-CP 1.9811382€6-04
UMEGA =GP 5. 7690442k 0T
UMEGA-GUP /UMEUA-P 3.2339126E 01
LAMBDA-CWP 3.264%223t 03
UPS [LON-POF 2.7545158E 09
PSS TLUN-GUP 1-6505423E Un
DLLTA-Q 1.1429274E 04
ULL TA-Q/UMEGA-uP 1.98113826-0%

UMEGA=-CP
UMLGA=CR/UMELA=P
LAMBUA-ULP
UPSILUN-PLP

UrS HLON—uLP

el la
DELTA/OMEGA-LP

6.815307/9f 06
3.82052148 0O
2.76362110 0%
1.0847218c 09
4.1921082¢ 08
3.3232714€ 05
4.8760436E-02
6.8155079 06
3.8205214F 00
2.7536210E 04
1.0867218c 09
4.19210828 08
3.3232714C 05
4.8760436L-02

2.3429861t uh
1.3133913¢8 00
B.0 190922k 04
1.11B86934E 09
4.0048053E 08
1.0692263E 06
4.50351950-01
2.3429H61E 06
L.3133913€ 00
A.0390922E 04
1.1186934E 09
4.034805%t OB
1.06922636 06
4,55351495£-01

9.4187599 06
5.2738025€ 00
1.9497857c 04
4.4371219L 0K
3.R4906385 0OR
1.675C0C0E 09
L. 778¥676E-02

w [ THOUT
3.7281250c D6
2.0898448E 00
9.05%22666t 04
5493534953t 08
3,7720344¢ 08
6.36250008 35
1.7066219t-01

2.99R9707L IC 3.0112962€ 10
1.8398274k 06 1.7889524E 06
1.0313391t 00 1.0028205€ CC
1.0237635¢t 05 1.0528777€E 05
A.T784528B7E 08 2.8472063€ C9
5.17645426 07 1.5970993€ 07
1.4961931&-62 -0,

B.1322471¢-09 ~-0.

1.83942T4E 06 L.78B9524E 06
1.03131391¢ 00 £.0028205¢ 0OC
1L.0237635¢ 0> L.0528717E 05
8.7845287¢ OB 2.8472063€ 09
S.1T64542¢8 07 1.5970993E 07
1.64961931€~02 -0,

B8.1322471E-09 -C.

1.8375000k 06 1.7872210€E 06
1.0300345E 00 1.0018499€ 00
1.0250602k 0% 1.0538977E 05
B.7734163E OB 2.8444506€ 09
4.9264550L 07 1.593753% 07
3.6874998C-03 Q.

2.0068026L-09 0.

UMEGA-f= 1.78139209E 06

6.8123070€-12

1.0000000F U4
6.2831852L-04
1.883568Lt 07
9.9102988t-01
3.0112962¢ 10

1.8342367t 06
1.0282052¢ 00
1.0268839¢ 05
2.9192784k 09
1.5576695E 08
1.2268706E-03
6.688725T7E-10
1.8342367€ 06
1.0282052¢ 00
1.0268839c 05
2.9192784t 09
1.5576695€ 08
L.2268706£-03
6.6887257E-10

CELTA-G/DELTA=

(IMEGA-CP APPROXIMATELY EQUAL TC

2.3617187€
1.3238721t
7.9753278E
1.1276376E
3.6665718¢€
2.1109375E
L+1478063-01

613

1.8312500¢ 06
1.0265309t 00
1.1285%87¢ 09
2.9145249t 09
1.4916180t 08
3.0937498E-04
1.6894197L-10

1.0000000E 06
6.2831852c-0¢
1.8835481LlE 05

L.0617824¢
1.7839259E
1.0000028E
1.055B444E
2.8392063E
1.6015994E

-0.

-0.
1.7839259¢
1.0000028E
1.0558444€
2.8392063€
1.60159%4E

-0.

-0.

[+3-}
[
00
as
11
o1}

[ol}
[olu}
3]
it
06

OMEGA-P

1.7839210E
1.0000001E
1.0550473E
2.8391984E
1.6016045€
.

0.

06
[els}
©s
11
e

LAMBOA~COP= 1.0558473E 05

1.0CO0CO0E CO

€

35
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TABLE V.

- Centlinued.

DISPERSION AND DAMPIKG 1In 4

RMAT PLASMA

N-E= 1.0E 03

LAMBDA-]=

T-t= 1.0 O
b-E=

LAMBDA-W

K

UMEGA-0

LPSILUN

V-EMP

p

OUMEGA-CP
UMEGA-CP/UMEGA=P
LAMBDA-OCP
UPSILON-PCP

UPS ILON-GCP
DELTA
DELTA/UMEGA-CP
UMEGA-QP
UMEGA~GP/OMEGA=P
LAMBUA-DWLP

UPS ILUN-PQP
UPS1LON-GUP
DELI1A-Q
UELTA-U/OMEGA-GP

UMEGA-CP
UMcGA-CP/OMEGA-P
LAMBDA-OCP
UPSILUN-PCP

UPS ILON-LCP
DELTA

DL TA/UMEGA-LP

1.0000000E-01

7
1.3624226E-12

£-F-0=

LAMBOA=-5= 6.

1.0000000E G3
6.28318526-03
1.8835481€ 08
9.9991030E-0L
2.997H944E 10

1.6457473E-13

s014312E 02

3.0000000E 03
2.0943951t-03
6.2784938L 07
9.9919268E-01
2.33H9TOE 10

T-£-0= 4,230u704LlE-0Y

CELTA-C/DELTA ARG=

1.0000000E U4
6.2831852E-04
1,8835441E 07
9.9102988£-01
3.0112962€ 10

5.20949791E 07
2.9205214t 0Ol
3.61527008 U3
B.2919394E 09
5.4839657¢E 08
1.3350578E 064
2.5625012E-u4
5.2099791E 07
2.9205214k 01
3.6152700E 03
8.2919394E 03
5.4839657E 08
1.3350%78E 0O«
2.5625012E6~04

7.3745731E 06
4.1339127¢ 0C
2.5541114E 04
3.5210993E 09
1.2914350E 09
2.%139213k 05
3.9513084E-02
7.3745731€ 06
4.1339127c 00
2.5541114E 04
3.5210993c 09
1.2914350C 09
2.9139213E 05
3.9513084E-02

2.2870794E Q6
1.2820521E 0C
8.2356038E 04
3.6400002E 09
1.2492502E 09
9.5989417L 05
4.1970300E-01
2.24T70T9SC 06
1.2820521E 0C
8.2356038E 04
3.6400002E 09
1.2472502€ 09
9.5789414E 05
4.1970300E-01

8.999939%E 0o
5.0450667E 0U
2.0928313E 04
1.4323945k 09
1.2303835¢ 0)
1L.7750000c 05
1.917222228-02

NMEGA-P=

6.8123069€~13

3.0000CC0E 04
2,0943951t-04
6,2784937¢ 06
7.1926901€-01
3.12662328 10

1.8398274Ek Co
1.0313391E 00
1.0237635c 05
8.7d445287€ 09
5.1164542E 08
1.4961931E-02
B.1322471E-09
1.8398274E 06
1.0313391E 00
1.0237635E 05
B8.7845287¢ 09
5.1764542E 08
1.6961931E-02
B.1322471€-09

1.7839209k V6

CELIA-G/DELTA=

1.0000000E 06
6.2831852E~06
1.8835481E 05

1.0617B24E
1.7839712E
1.0000282t
1.0558176E 05
2.8392783E L1
1.6015588E 07
-0.

-0.

1.7839712¢ 0¢
1.000028B2E 0OC
1.0558L76E 05
2.8392783€ L1
1.6015588¢
-0.

-0.

WITHOUT OMEGA~CP APPRUXIMATELY LQUAL TO OMEGA-P

3.8562500€ 06
2.1616710E 00
4.8844036€ 06
1.8412237¢ 09
1.2050904€ ©3
5.9750000E 0%
L.5494327E-01

2.3050781¢
1.2921414€
Ba1712985¢
1.6686458t 09
1.2047329 U9
2.3671875¢8 S
1.0269446E-01

1.8375000€ 06
1.0300345€ 00
1.0250602E 05
A.77341063L 09
4.9264551L U8
3.6874998E-03
2.0068026£-09

1.7833210€
1.0000001€
1.0558473E
2.8391984%€ 11
1.6016137¢
0.

Q.

LAMBOA-OP=

1.0558473E 05

1.CCQO0CCCE Ca

N-E= 1.0E C6
LAMHDA-1=
T-t= 1.0 01
P-k= 1.3624228E-15
L AMBUA- W
3
UMEGA=T
EPSILUN
V-EMP
p
OMEGA-CP
UMLGA-CR/UMELA-P
LAMBCA-UCP

UPSTLUN-PLP
UPSHTLON-GEP

DeL TA
DELTA/OMEGA-CP
UMEGA-QP
UMEGA-QP /OMEGA-¥
LaMsCA-UwP

UPS TLUN-PUP

UPS LLON-LUP

Uel TA-Q
LLLTA-Q/OMEGA-UP

QMLGA-CP
OMLGA-CP/UMELA-P
LAMBDA-LLP

UPS TLON-PCP
UPSILON-GLP
DeLTa
CELTAZ/OMEGA-CP

1.0000001e-02

E-F-0=

LAMBUA-5= 2.

3.0000000E-02
2.0943951E 02
6.2784937E L2
9.9999399E-0L
2.9971600E 10

3.6457470€-11

18264244E-02

1.0000000E-01
6.2831852C 01
1.88354B1k 12
9.9799999E-01
2.99776C0E 10

f-£-0=

UELTA-Q/DELTA ARG=

3.0000000£-01
2.0443951¢€ 01
6.2784938¢ 11
9.9999996k~-0C1
2.99776U0E LD

4.23070376-07

1.8243320€ 0y
3.2339127€ QL
1.03245491E Q2
#,7105438BE 06
5.2204215E 0>
3.6142537 0>
1.9611381E-04
le8243320c 09
3.2339127€ 01
1.03245908 02
8.7105438E 006
5.2204215E 09
3.6142537C 05
1.9d11381€-04

2.15525¢8E 08
3.8205214t 00
8.7393372€ 02
3.4301915k 06
L.3256610E 06
L.05091C07¢ 07
4.8760436E-02
2.15%2528E 08
3.8209214€ 00
8.7393371E 02
3.4301915¢ 06
1.3256610t 06
1.0509107 07
4.8760436E-02

T.40917268 07
1.3133913€ 00
2.5421842E 03
3.5376193& 06
L.2854043E €6
31.3811903E 07
4.5635194E-01
7.64091726€ 07
1.3133313E 00
2.5421841E 03
3.5376193E 06
1.2894043€ U6
3.3811903¢ 07
4.5035194(-01

2.9181250t 04
5.2191904E OV
6.3246107 02
1.4219499C 0o
1.230615LE 06
5.30000008 V6
1.7796432E-02

Wl THOUT OMEGA-CP APPROX IMATELY EQUAL TO

08
00
o3

L.1789062€
2.0897949
1.5%77082¢
1.8762876t D&
1.192913LE Q6
2.01250C01 07
1.70709208-01L

T.4687500t 07
1.32395923¢ 00
2.52190ubt 03
3.566065%4c 06
1.199567T1E G6
8.574949930 06
1.14811718-01

OMEGA-P=

2.1542406£-05

1.0000000E 00
65.2831852¢ 0O
1.86835481E 11
3.9999989E-01
2.9977601E 10

5.8003659t 07
1.0282052E€ 00
3,2472920€ 03
9.2315689E 06
4.9257836€ 05
3.B797056E-02
6.6887257t-10
$.80036598 07
1.02820%2¢ 00
3.2472919E 03
9.2315689E 06
4.9251836E 05
3.8797056€-02
6.6887257E-10

5.7937500¢ 07
1.0270324E Q0
3.2510000€ 03
F.2210394¢E
4,7102107L 0%
F.53124890-03
1.645G915C-10

5.6412532E O7

UELTA~Q/DELTA=

1.CC0CQO0E 02
6.2831851€~02
1.8835481€ 09
9.9910299€-01
2.9991054€E 10

5.6412690F
1.0000028¢
3.3388731¢
8.9783587¢
5.0647020€

-0.

-0.
5.6412690E
1.0000028E
3.3388731¢
B.9783587t
5.0647020¢

-0.

~-0.

a7
1]
03
08
03

or
g0
03
os
03

OMEGA-P
5.6412533¢
1.000000Q0F
3.338BB24E
8.9783337¢
5.0647130E
C.

0.

a7
00
03
as
03

LAMBDA-0P= 3,.33R8825€ U3

1.0000€C00E 00

1.0CCCOOCE 04
&.2831852E-04
1.883%481E 07

3.5421574€ 03
5.6412532¢ 07
1.0CCCOCOE 0C
3.3388825t 03
B.9783332¢ 10
5.0647162¢ O1L

-C.

-C.
5.6412532E
L.CCCCOUOE
3.3388824C 03
B.39783332E 10
S.C6471620 01

-C.

-C.

5.6412533¢
1,0CCCOO0E OC
3.3388824E 03
8.9783335€E 10
5.C647T159€ 01

-

C.
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ureid. DISERRGTON

AND DA

ING TN A

THEHRMAL

GMA

UMLGA-UP /UMEGA-P
LAMBCA-UYP

UPS TLUN=-PLP
UPSILUN-GGP
beLTA-Q
LeLTA-U/UMEGA-GP

OMLGA-CP

UME GA-LP/OMEGA-P
LAMBLA-(ICP
URSILON-PLP

UPS [LUN-uCP
OCLTA
LELTAZUMEGA-CP

3.66574170E-11

T-£-0=

QELTA-Q/LELTA ARL=

4.2307037£-07

6.49014320E-02

3.0000000£-01
2.0943951E 01
6.27849338E 11
9.34999998E-01
2.49377600L 10

1.0400000E GO
6.25318526 00
1.883%481F 11
F.99919989€ -0
2.9977601k 10

TADLE
N-l= ll.UE Cb
LAaMBUA-T= 1.0UND001L~02 E-F-U=
l-t= l.0b G2
deps L.36267¢80- 14 LAMBDA-S=
LAMBUA-H 1.0600000E-0L
K 6.2831852E Ul
UMELA-N 1.8835481E 12
LPSILGN 9.9594999E-Jl
V-rHp 2.99716C0E 10U
P
UMEGA-CP 1,642,401 09
UMLGA-CH/ UMELA-P 2.3205214t 01
LAMBLA-ULP l.143248%% G2
UPSTLUN-RCP 2.0221415C G7
UP 5 FLON-LLP 1.7341822 06
DELTA 4,2218232¢ 05
UEL TA/UMEGA-CP 2456250108~04
UMEGA-wP l.64754C1E 09

Z2.7209214c 0L
1.14324087E 02
2.6221415t 07
1.7341822E 06
4.241323LE U5
2.%625310E-04

7.3320448L U8
4.1339127¢ 20
H.0768093L Q2
l.1l34694C 07
4.033d703E D6
D.21462510L DO
3.95130830-02
2.3320448t 08
4.1339127t 00
8.0768092€ 02
1.1134694C 07
4.0838763E 06
F.2146281€ 06
3.9513083e-0¢

7.2323807¢ 07
L.2520%21t 0O
2.60432668 0)
1.1u10691L 7
3.9%04762E 06
1.013565%19F 07
4,1470300E-01L
7.242380% 07
L.2620%210 OQ
2.6043265c 03
1.15106310 07
3.9904762E 06
3.0%56513L 07
o l4103G0E-01

2.8460737E UB
5.0451443E OU
6.6180117E U2
4.5296988E 06
3.89C6934E 06
5.6125000€ 06
1.972C011E-0C2

UMEGA~P=

2.1562406L-CO

3.0000000E 00
2.049439%1¢ 00
6.2784937€ 10
9.9939918t-01
2.99717612¢ 10

5.81H0451E C7
1.0313391t 00
3.23742458 03
2.7779119t 07
1.6363386E 06
4.7313781E-01
R.13224171¢-09
5.8180451t 07
1.0313391¢ GO
3.23T42448 03
2.7773119t 07
1.6369386t 06
4.71313780t-01
H.1322671L-09

WITHOUT UMEGA-CH APPROXIMATELY EQUAL T

1.2195313 08
2.16138091t 00
1.56448%3F 03
5.8228328L 06
3.6102396k 06
1.64906250c O7
1.5502883:-01

7.28750C0¢ O7
1.2918729 00
2.58462878 03
1.1%98416€ 07
3.8102728BE U6
7.4415000€ 06
1.0274642E-01

5.8125000t Q7
1.0303562¢ 00
3.24051298 03
2.77920464E 07
1.5564710t 06
L.15000008-01
1.37864946L-09

564125320 07

DELTA-Q/DELTA=

1.0000000¢ 02
6.2831851€E-02
L.8835481lE Q9
9.9910299e-01
2.9991054E 1C

5.6414122¢ 07
1.¢000282€ 0O
3.3387884: C3
8.9785B46E 08
5.0645736E 04
-0.
~0.
S.6414122E 07
1.0000282¢ 00
3.3387883t Q3
8.9785866E 08
5.0645T36E 04
~C.
-0.

0 CMEGA-P
5.6412533 07
1.€000000E 00
3.3388824E 01
8.9783337 08
5.0647479€ 04
Q.

0.

LAMBDA-UP= 3.33H8A25E 03

1.0C00C0O0E 00

1.0CO0CO00E 04
6.2831852E-04%
1.8835481€ &7

3.5421974E8 01
5.6412532E 07
1.GCCCCOOE 0D
3.3388825& 03
8.9783332F 10
5.0647164E 02

-C.

-C.
5.6412532¢ 07
1. CCCCQOOE OO0
3.3388824F 03
8.9783332E 10
S.0647164E 02

=0,

-C.

5.6412533E 07
1.0COCCOCF 0O
3.3388824E 01
B.9783335E 1C
5.0€647159¢ 02
C.

Ce

w-f= 1.0E 06
LaMsua-i=

T-t=
pai=

1.08 ©3

LAMBUA- W

K

UMEGA-O

EPSILUN

V-iMP

p

UMLLA-CP
UMLULA-CPFOMEGA-P
LAMBLA-GCR

UPS LLUN-PLP

Uk, TLUN-LLP

[P

Lt TazuMioa-Lp
LMEGA~- WP
UMEGA-UP /UMEGA-P
LAMBUA~UWP

UPS TLUN=PWP

UPS TLON-LWH
ciLia-w
LilTa-u/umMeGA-uP

UMEGA-CP
CHMiLA-CP/UMEGA-P
LAMBLUA-OCP
UPSILON-PCP

UrS ELGN-ulP
DELTA
LLLTA/UMLGA-CP

1.000GR0LE~02

1.36242278-13

c-f-u=

LAMBCA-S=

3.0000000E-0L
2.0%433951€ ¢l
6.278473RE 1L
9.9999729BE-01
2.39776C0E 10

3064574 70E-11

2.18246244E-01 oo

1.00000u0E 00
H.2831832L 00
L.HB3S54481E 11
Y.39399989L-01
2.9477601L 10

T-t-0=

LTA-U/IxELFA ARG=

3.00000u0L U0
2.4 ¥inll ud
hoe2 fHe33lE 10
T3 FIIILHE-UL
ZegaltGl2e 10

4.2307037e-07

1.h244320e G
3.2 439126 CL
1.0124591k 02
B T1U54 356 U7
5.2204217 UL
3.6142538L Ub
1.9811342C0-us
1.82433206 U4
4.23345126E Ul
l.u324591t 07
H.TLUn4 356 07
5.2/D421 78 V6
3.6la2538E U
L.7el1382E-U4

2410025280 U8
3.8205214L U0
Ho73933228 U2
3.4301915c 07
L.3296610t 07
L. 0909107 27
b.bT6Ub306E-02
241592528t 08
1.87052148 00
8.7393371t 02
3.4301915 07
L.32566100 07
1.030913TL O7
4.4760636L-02

Tewy3lT260 OF
1.31339138 0O
2.5421847t 03
3.53761v46E Q7
1.24%4043L Q7
3.341190G2e 07
4.596351930-ul
1.4 312268 G7
1.3133913¢8 GG
2.5421841t 03
3.5376194E 07
1.2854u43: U7
3.38119C2¢ 07
4.546351936-C1

2.9181250E G#
5.27313040 Ou
6432461078 07
1.4214500E U7
L.23061s1F Ut
543000000 U6
1.7 /9646320 ~00

WlTHLUT UMEGA-CP APPROXTMATELY EQUAL TU

1.17890uL2i 08
2.UB979469t 00
1.59770820 03
1.8762876L 07
11229131t 07
2.G1¢n0000 07
1.7G709080-01

7.45B7500k 07
1.32395231 00
2.5217209%491 Q3
3.556065%40 07
1.1595071 07
B.574349493L G6
1.1431171c-01L

HMEGA-P =

2.12424368-0U7

1.00nc00AL G1
6.28318521.-01
1.8335%481E 10
3.93931C2c-C1
2.99777 34 1C

5.HU03659L 07
1.0282065%2€ 00
3.2472920L 03
4.2315691t 07
4,325T8350 Db
3.8797030£-02
&.608T21LE-10
5.8003659C 07
1.0282052+ 4O
3.2472919t 03
1.2319691E 07
4.9251835€ 06
3.8797030€-02
6.,68BT21LE~10

S.7937500t U7
1.02703248 U3
3.2510000c U3
9.2210395L 07
4,7102108E 06
9.53124898-03
1.6450915¢-10

5.45412532€ 07

CELFTA-C/DELTA=

1.€000000t Q2
6.2631851€~02
1.8835481€ 09
$.9910299E-01
2.9991054t 1C

5.6428443E C7
1.0002820E 00
3.3379411E 03
8.9808657¢ 08
9.0632842€E 0S5
-0.
-0.
5.6428443% 07
1.0002820E GO
3.3379410€ 03
8.9808657E CB
5.0632882E 05
-0.
-0.

OMEGA~P
5.6412533E O7
1.CON000QE Q0
31.3336824t 03
#.9783337c 08
5.C6503268 05
ag.

[

LAMBOA-DP= 3.3388825t 03

1.CCOQCCQE aC

1.0C0Q00C0E Q4
6., 2831852E-04
1.8835481€ 07

3.5421574E C3
5.6412532F 07
L. QCCO000E 00
3.3388825%€E 03
8.9783334€ 10O
5.0647162¢ Q13

-C.

=C.
5.6412532E 07
1.0C0C00CE Q2
3.3388824E 03
8.9783334€ 10
5.0647162E 03

-C.

=C.

5.6412533€E C7
1. 0CCCO00E OC
3. 3388824 03
8.9783335F 10
5.C64T159E 03
C.

C.
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TABLE V.

Contlnued.

DISPERSICN AND DAMPING IN A THERMAL PLASMA

3. 64576 70E-11

6. 90143132E-01 UE

3. 0000000t OO0
2.094394%1E 00
5.72784937¢ 10
“4.79949918t-01
2.997716128 10

T-€-0=

LYA-Q/DELTA ARG=

1.0000000E O1
6.2831852E-01
1.8835«31€ 10
3.7999102F-01
2.991TT34€ 10

4.2307037E-07

N-E= 1.0E 06
LAMBOA-1= 1.0000001E~02  E-F-0=
f-es L.OE 04
P-E= 1.36242080-12  LAMBUA-S=
LAMBDA-W 1.000GO00E 00
K 6.2831852¢ 00
UMEGA-U L.B830481E 1L
EPSILON 9.9999989¢ -0l
V-EMP 2.9977601€ 10
P
OMEGA-CP 1.64754C0E O
DMEGA-TP/OMEGA-P 2.9205213 ol
LAMBCA-0CP 1.14324886 02
UPS TLUN-PCP 2.6221414E 08
UPS ILUN-GCP 1.7341822¢ 07
DELTA 4.2214236E 05
DELTAZUMEGA-CP 2.5622016E-04
OMEGA-QP 1. 64754006 09

UMEGA-QP /UMEGA-P
LAMBUA-UQK
UPSILON-PQP
UPSILON-GWP
CELTA-Q

CELTA-U/ OMEGA-QP

OMEGA-CP
OMEGA-CP/UMEGA-P
LAMBOA-UCP
UPSILON-PCP

UPS ILON-GCP
DELTA

G010 TA/UMERA-CP

2.9205213€ 01
1.14324888 02
2.6221414E 08
L.7341822c 07
4,2218235C 05
2.5625014E-0%

Z2.3320448E 08
4.1339126t 00
8.0768095¢ 02
1.1134694E 08
4.0838762t U7
9.2146287¢ 06
3.9513087€-02
2.3320448€ 08
4.1339126¢ 00
8.0768095t 02
1.1134694C 08
4.08387628 07
F.2146287TE 06
3.9513087€~-02

T.2323806t 07
1.28205¢21€ 00
2.6043266E 03
1.1410691€ 08
3.9504 760t 07
3.0354517¢ 07
4.1970298t-01
7.2323B06E 07
1.2820521i¢ 00
2.6043206F 03
1.1510691C 08
3.9204760E 07
3.0354517¢ 07
4.1970298L~01

2.H46CI3TE QY
5.069L493 VO
6.6180117% 02
4.5236988E 07
3.89C6937E Q7
5.61250G0E Q6
1.9720N11F=07

CMEGA-P=

2.1542406E-08

3.0000000€ 01
2.0943950E-01
6.2784936% 09
9.9991926E-01)
2.9978810E 10

5.8180451lE 07
1.0313391E 00
3.2374245E 03
2.7779119E ©8
1.6369385%E 07
4.7313738E-01
8.1322398E-09
5.4180451E 07
1.0313391E vo
3.2374244E 03
2.777911L9E 08
1.6369385E 07
4.7313738E-¢C1
8.1322398E-09

WITHUUT OMEGA-CP APPROXIMATELY &QUAL TO

S.6412532¢ 07

DELTA-Q/DELTA=

1.00000008 02
6.2831851E-02
1.8835481€ 09
9.991C299E-C1
2.99910%4k IC

5.6571643E 07
1.0028205¢ 00
3.32943%16k 03
3.0036569E 08
5.0504712¢ Q6
-0.
-0.
5.6571643E 07
1.0028205E 00
3.3294916€ 03
9.003656% 08

9.0504712E 06

~0.
-C.

CHEGA-P

LAMBOA-GP= 3.,3388825¢

1.CCOCCCCE GO

1.0COCNOOE 04
£.2831852E-04
1.8E35481lFE O7

3.5421574€ 03
G.6412547E Q7
1.0C0C003E OC
3.338HBL6E O3
8.9783356E 10
5.C647148E 04

-0.

-C.
5.6412547€ 07
1. CCCOQ03E 00
3.3388815E C3
8.9783356E 1C
5.06471488 C4

-C.

-C.

1.2195313k 08
2.1618091t 00
L.5444853E 03
9.B22A328E 07
3.8102393k O7
1.8906250E 07
1.5502883+-01

7.28750C0E 07
1.2918229E 00
2.5846287E 03

1598417 08
3.8102731c 07
7.4875000F 06
1.0274442¢-C1

5.8125000€ ¢7
1.0303562¢ GO
3.2405129¢ €3
2.7752644¢ C8
1.5964709€ 07
1.1500000€E-C1
1.9784946£-C9

5.6412533€ 07
1.0CCCOO0E 00
3.,3388824E 03
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EPSTLUN 9.9999998E-01 P9 200l PR D DT Fedsrilur-uil '5.993103Cc-C1 1,C29R4905: -l
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1.0G2XR20%E 0C
1.05242778 C2
2. H4720628 08
1.54709% 3 06

-1,

-C.

WITHUUT OMEGA-CP APPRUX[MATELY EQUAL T0 CM{GA=-?P

3. 82664028 VY
2.1618897¢ 0O
4.5839093k Ol
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- GFEHSION AND DAMPING IN A THERMAL FLASMA
I-t= 1.0k 09
LAMBLLA-1= 1.,3000u0720-ud T=F-i= J.b4ulabIF-0y T-L -0 4.2307029FE~-05 UMEGA-#= 1.78392C9F 09 LAMBDA-0P= 1.0958473t 02
I-ft= f.ut 0>
Ptz l.3624,70 -0 LAMADA=-S= 6. 3014320€-2¢ DELTA-Y/UELTA ARL=E 6.48123071L-08 DELTA-Q/DELTA= 1.CCO0COCE 00

creTaZomeua-Cv

LAaMBLA-W 1.0u0uaCai-ut 3.00000000-ut L.000JUUBE 0O 3.0000000& 00 L.0000000E 02 1. CCOCO00E 04
K Ge2841352c Ol 2403439010 U1 5.2331852c 00 2,0843951€ 0O 6.2831851€-02 6.2831852€E-04
UMELA-O Lodr3sedle L2z L2784 sHE 1L LeBy35481E 11 6.2784937¢ 10 1.8835481€ 09 1.8835481F 07
IS TLUN Yad 394090 -CL GaHIYIL20-31 3.9991030t-01 9.9913268E-01 1.0298905%E-01
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P 1.C5595062E 02
umLA-{e S.luniTIe L Fodfasl?s3l U9 2.2810796E O 1.8398274E 04 1.7539712€ 09 1. 7T€3520% 09
HMLGA- LR 7 UMEGA =P <. eun2ist UL 4a1333L270 U0 Lo2u20%210 GO 1.0313391F vl 1.C000282E CC 1. 0CCCOUCE 00
LAMGCA- L P 3.nlasT00E OGN Zaonsalll a2l 3.7356031C0 01 102306391 U2 1.0558L76E 02 1.0558473E 02
GHS TLOR-P0P ral 4133550 U 3.5210%460 0H 3.064J00C30 08 H. 7442289t 04 2.83527B3E 1C 2.834G]1983¢ 12
P L - ul e Y.hedishal ! 1./9143%Ge 08 1.24925020 (18 5170649420 G171 1.6015588E 0b 1.6C16039t 04
GueTa LoeddousfTe oY el 332130 UR Je3 Y4 1HE OH 1.4961931t 01 -C. -C.
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s ITHOULT OMEGA-CP APPROXINMATELY EQUAL TN (MECA-P
SHMEGA-CP Pe93PIFGME LY 3.8%664028 09 2430507668 09 1.8390625E 09 1.78392128 09 1.78339212F 09
OMEGA-CP/UMELA-P 5. 0850667 QU 2-1618897c QU 1.2921406E 00 1.0309103¢ 00 1.GCO0QO01E OC 1.CCCCOO0LE Q0
LAMBLA-LLP d.0Y2¢312: UL 4.8439093C 0L 8.1713036c Ul 1.02418%3L 02 1.05584726 02 1.05584T2E 02
UPSTLUN-PLP L.63234945 ul l.84141ult 04 l.00864 34t CB 8.780BT706L 08 2.8391988E 1C 2.8391988E 12
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DeL 1A 1.14292 7148 U7 3.3232715E 08 1.00692262c C9 L.2268698€ 00 -0. -C.
ULLTA/UMEGA-CP 1.9d113826-04 4.31604366-02 4.5635193E-01 6.6887211E-16 -0. -Ca
UMLGA=uP 5. 76904426 10U 6aBL52079L 09 2.3429861E 09 1.8342367t 09 1.7844240€ U9 1.7839209€ 09
UMELA-GP FUMELA-P 3.213391268 01 3.8205214c 00 1.31339213€ 00 1.0282052¢ 0O 1.0002820¢ 00 1.0CCCO00E OC
LAMBCA-U9P 3.2649223E 00 2.T636210c 01 R.03904921€ 01} 1.026H839¢ 02 1.0555496k 02 L.0558473E 02
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CeLta-u 11429274 (7 3.32327141 08 1.0092262¢ 09 1.22686%8t 00 -0. -C.
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LAMAUA-UCH L.9991857t Ol 5.05067360 01 1o 7401368 01 1.0265537 02 1.0558472c 02 1.0858412E (2
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DISPERSION AND DAMFING

IN A THERMAT PLA
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8.29133908 U9
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3.6400002E 09
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1.0313391¢ 00
L.0237635¢ 02
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Ha1322398L-0%
1.83738274k 09
1.0313391t 00
1.0237635¢L 02
B.7845289t 09

Be399U9E L9
5.0450b67L GO
2-0428312e Q1
1.43235945€ 09
1.2303834k uJ
1.77343725C 0B
1.9204861E-02

L.7839209€ 093

DELTA-C/DELTA=

1.0000000E 02
6.2831851E-02
1.4835481E C9
1.0298905E~-01
9.34117T13€ 10

1.7889524E
1.0028205¢€
1.0528777¢
2.84T72063¢
1.5970992¢
-0

~0.

1.7889524E
1.C028205E 00
1.05287277€ 02
2.8472063€ 1C

03
[elo]
02
10
(23]

[3]

WITHOUT OMEGA-CP APPHCXIMATELY EQUAL TU GMEGA-P

1. 8966402 09
Z.1618897¢ Q0
4.84390%3c 01l
l.d4l4l01C 09
1.20647828¢ 09
D.98437491 08
1.991700R(-01

2.3050766& 09
1.2921406E 00
8.1713016c C}
3.b6864 341 09
L.2047332¢ 09
2.3671815t OB
1.026946520-01

2. 1764541 08 1.5970992¢ €8
l.4961918k 01 -0.
8.1322398E-09 -0,
1.83490625L 09 1.7889220t 09
1.0303103c 0O 1.0028034t 0O
L.0241B93E 02 1.0528956E 02
H.TBOBTH6E 09 2.8471578¢ 10
4.9143198c 08 1.5892266E OB
3.53490625k 00 0.
1.9243840€-09 0.

LAMBOA-0P= 1.0598473k 02

1.CCo0CCCE 0O

1.0CC0000E C4
€.2831B52E-04
L.BE3v4BLE O7

1.0559062¢
1. 783921 3E
1.0C00003E 00
1.0558471E 02
2.8391990€ 17
1.6C16035E 06
—C.

-C.

1.7835%213€E 09
1. CCOCO03E
1.0558471€
2.8391990¢ 12
L.6Cl6035E
-C.

-C.

02
09

1.78359212F
1.CGCCCOOLE
1.0558472E
2.8391988E 12
1.6C16032E 06
[

C.

N-L=10,08 11
LAMBSDA-1 =

F=0= 1,08 G}

Poo= 1.3026228E-6G2

LAMBLA-W

K

UMELA-O

tPSILUN

v-LMp

p

OMELA-CP
UMLGA=-CP/UMELA-P
Lavpla-ulr

UPS JLON-PCP
UPSTLUN=uCP
LEL)A
LELTA/GMLLA-LP
OMEGA-YP

UM GA-UP/UMELA-P
LAMBLA-UYGY

UPS ILUN-HUP

UP s [LUN-LWP
CrLla-g

LEL TA~U/ZUMLGA-GP

GMLLA-CP
UMLGA-CP/UMELA-P
LAMBLA-UCY

UksS [LUN-#CP

UPS LLUH=,0P
deula
VELTAZUMLGA-CP

1.0000002L-04

L-F-0=

LAMBDA=S= 2.

3.0C0UN0G0E-UY
2.094399LC 05
62784738k 1>
Fe95939%59%-ul
2.95TT6U0E 10

Y. 649 T461E-07

l8eb42446-0Y

D419 3L-UD
6.28318u520 04
1.86535%441E 15
. 9393999E-U1
2.1 77640L 10

T-E-0=

UELTA-G/UELTA ARG=

3.0000UCUE-US
2.0043951€ 04
6.2 744938k 16
149199998E-01
2.99770L08 10D

©4.230T0¢RE-CA

1.B243370E 12
3.23341268 01
L.032459le~ul
8, 7105435 U6
5.2204215E LS
3.6147538e OHK
L. 7811382¢-04
1.83C0aLT7¢ i¢
3.2440412c 01
1.0292355€~G1
A.T3IH248E 0C
5.2217611E 05
3.6149321E (b
Led?51048E - 04

2.13925¢8t L1
3.H205214E QO
He73933¢1L-01
3.4301914k 06
1.3256610t 06
L.0509107 10
4.8760636E~02
2-.19571»6E 11
3.82134180 00
8.7374609E-01
3.4309280C 06
1.32614048 36
1.050%%16k 10
4.8753721L-02

74091724 10
1.3133913C 00
2.56218428 00
3.54761930 UG
1.24%404 3 UG
3.3b0ll9020 10
4.5635193E-01
T.4092296E L0
1.31340l4E 0O
2.94216496t 0O
3.937640LE U
L.2856774E 06
$.3814505E 10
4.56383564E-01

NMECA-P= 5

2.159424060-02

7.9993999E-04
6.2831853k 03
l.8835682L 14
FePIIVIBI-T1
2.9477601k 10

5. 8003657t 10
1.04820572E U0
3,26472920€ U
9.2315688Ek 06
4.%257815% 05
3.BT970560 a1
GooEETZ0aTE-10
2.8003662E 1O
1.02820%3¢€ 00
3,2472917¢ 00
9.2319694t 04
4.9¢581188 LS
3.8800042¢t U1
6.68926402L-1C

2 97812468 11
5.2731498E GO
be3246LEI0E-0L
Les214%69K8E GO
1.23061%3t UG
b.ZivgTele UY
1. 77/85940e-02

wlTHOUT UMEGA-Ce APPRUX[MATELY EQUAL T

1.1793747€ L1
2.U306293k 00
1.54970T36k QU
1.8770331C e
l.1217081t 06
2.0124949€ 10
1.7064127t-01

7T.4687405%E 10
1.3239»16t Q0
2.5217066E U0
3.5060638E Lo
L E576905€ 06
B.5741266t 07
1-.14853606-01

5.7337498¢c 10
L.0220324E 0Q
3.2510001€ uvQ
9.2210392€ D6
4.7102110E 049
9.51124500L U0
1.645C917F- 10

«6412511F 10

CELTA-Q/DELTA=

§.99.,9999€-013
6.28318%2¢ 02
1.8A835481E 13
9.9999102e-01
2.§971734E 1C

S.6628442E 10
1-0002820¢ 00
3.3379410€ OC
8.9808656E 07
5.C6328B1E 04
-C.
-G,
$.,6428442c 10
1.0002820E 0O
3.33739410E OC
8.9808656E 07
5.0632883 G4
-0
~0.

OMEGA-#
5.6412539¢ 10
1.€C0000 1t Q0
2.7388820t 0OC
F.97R33445k Q7
5.06503080 04
Ce.

9.

LAMBUA-(OP= 3.33#BR2SE 00

1.CCO00770€ 0O

1.CCCCCCQAE CC
€.283185%2t 00
1.8835441F 11
5.1C29890E-C1
3.1419903F 10

5.64125328 17
1.0CCCo0oE 07
3.338P8264¢ OC
B.9783334E 03
9. 0647T161E 02
-C.
-C.
S.64125420 1"
1.CCCCO00E 0O
3.33888246E 00
8.9783334L (3
5.06471l61€ 02
-C.
-C.

5.6412532¢ LT
L.CCLCoOOE 0o
3.33E8824F 0C
H.97B3I3348 09
S.0t4T161E 02
C.

C.

41
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TABLE V.

Continued.

DISPERSION AND DAMPING IN A THZRMAL PLASMA

N-£=10.08 L1

LAMBDA~1= 1.0000002L-04 E-F-0=
T-t= 1.0E U2
P-t= 1.36242/BE-08 LAMBOA-S=

LAMBDA-W
X

UMELA-O

EPSILON

V-EMP

P

OMEGA-CP
UMEGA=CP/UMEGA=-P
LAMBUA-DCP

UPS ILUN=-PCP

UPS LLUN-GCR
DELTA
DELTAZUMEGA-CP
UMLGA-QP
OMEGA-UP/ OMEGA-P
LAMBOA-0UP

UPS i LON-PGP

UPS ILON-GUP
vELTA-Q

UEL TA-Q/OMEGA-UP

QMEGA-CP
UMEGA-CP/UMEGA-P
LAMBLA-UCP
UPSITLUN-PCP

UPS TLUN~GLP

9.9479999E-05
6.2831852¢ 04
1.8835481E 1>
9.9939799€E-01
2.9977600E 10

3.6457461E-07

6.9014319E-05 213

3.0000000E~-04
£.0943951t 04
6.,27849 38k 14
T 993999HE-01
2.9977600E 1U

T-t-0=

LTA-U/DELTA ARG=

943199999k -04
6.28311853E U3
1.8835482E 14
9.9999989E-01
2.9977601E 10

4,23070286-03

1.6475400€ 12
2.9205214€ U1
1.1432488E-01
2.6221415c 07
1.7341822¢ 06
4.2218233E 08
2.5625012E-04
1.6475863 12
2.92C0034E QL
1.1432166E-0L
2.6222151E 07
1.7342344E 00
4.27218233E OB
2.5624292E-04

2.3320447E 1L
4.1339126t 00
B 07680946-01
l.11346%41L 07
4.0838762€ 06
9.2146285k 09
3.9513085E-02
2.33205040 11
4.1339227¢ 00
4, 0767897E-01
1.1134721C O7
4.08389268 Q6
9.2146281t 09
3.9512989E-02

T.2323807¢ 10
1.2420521LE 00
2.60U43266E 00
1.1310691E 07
3.9504761E 06
3.0354519k 10
4.1970301E~-01
7.2323810k 10
L.2820522t 00
2.6043264L 00
1.1510692t G7
3.9504781E 06
3.0354519t 10
4.1970£98E-01

2.84%8B981E L1
5.0447377c 00
&.01846046-01
4.52938158 06
3.8512317€ w6

Wl THOUT OMEGA-CP APPRCXIMATELY EQUAL TO

1.22001%1E 11
2.1626739c 0D
1.5438677¢ 00
5.8251624E Q6
3.80645839t 06

7.28749508 10
1.2918220¢ 0O
2.58463u4t QO
1.1598409t 07
3.81U9815t 06

DMECA-P=

2.15426406E-01

3,0G0CUCOLE~03
2.0943951E 03
6.2184937E 13
9.9999918E-01
2.9977T612E 10

5.8180450t 10
1.0313391€ 00
3.2374245€ 00
2.71T9119E u7
1.6369385¢ 06
4.T3137T81E B2
8.1322471£-09
5.8180450¢ 10
L.0313391E 00
3.2374244E 00
2.7779L19¢k 07
1.6369346E 06
4.7313780t 02
B.1322571E-09

5.R12493%¢ 10
1.0303561€ 00
3.2405130€ 00
2.7192643E 07
t.5564711E 06

5.6412531C 10

DELTA-Q/DELTA=

9.9999999E-013
6.2831852e 02
1.8835481€ 13
9.9999102C-01
2.9977134E 10

5.6571643E 10
1.0028205E 00
3.3294916k QO
9.C036%66L 07
5.0504714E 05
-0.
-0.
5.,6571643E 10
1.0028205% 0C
3.3294916E 00
§.C036566E 07
5.0504714E 05
-0.
-0.

OMEGA-P
5.6522538E 10
L.0019%00t GO
3.2323842k OC
8.9958414¢ 07
5.0383856E 0%

LAMBDA-DP= 3.3385875¢

1.0000CG00E 0O

1.0CCCCOUCE OC
€,2831852€ GO
L. B835441EF 11
9,1C29890E~01
3.1419903E 10

5.,6412546F 1C
1.0CCCO03E OC
3.33888L6E 00
8.9783355E 09
5.0647150E 07
-C.
~Cs
5.6412546E 1C
1.0CCCO03E ©O0
3.3388816€ 0C
8.5783355E 09
5.0647150E 03
~0.
-C.

5,6412532¢€ IC
1.0C0C000E VO
3.2388824€ OC
8.97833348 CS
S.Ce47l65E O3

00

DEL1A 5.60393748c 09 1.8906249t 10 1.49214d728 09 1.1500000€ 02 O C.
OELTAZUMEGA-CP 1.97103858-02 1.5496682c-01 1.0280881€-01 1.9784946E-09 Q. Ca
N-t=10.08 11
LtAMECA-1= 1.0GU00D02L-~-U4 E-F-0: 3.0427461E-07 T-£-0= 4.230702BE-C3 DMEGA-P= G.6412531t 10 LAMBDA-0P= 3,33H8825¢ 00
T-£= 1.0& 3
P-E= 1.36242270-07 LAMBUA-S5= 2.18242440-04 OELTA-Q/UELTA ARG= 2.15424C6E-04 CELYTA-Q/DELTA= 1.CCO0COCE CC
LAMBDA-W 3.0000000E-Gs 3. 299999GL-04 3.00000060L-03 9.9999999E-013 1.CU00000E OC 1.060000Q0E 02
K 2.0443951F U4 6.28318%3c 03 2.0943951t 03 6.2831852E 02 6.2831852€ UC €.2831851E-02
UMEGA-U 6.278493BE 14 1.8835432E 14 6,2784337c 13 1.A83%481E€ |3 1.8835481€ L1} 1.BE35481E 09
EPSILUN 9.9999998E-01 3.2999989¢-01 7.3399918E-01 9.94979102E-01 9.1029890E-C1L
v-LMpe 2.99776C0E 1O 2.9977601k 10 2-9977612E 10 2.9977734k 10 3.1419903€ 1C
[ 3.34C7451E 00
UMLGA-CP 1.8243319 1 2.15525281L 11 T.4091724E 10 5.8G03657¢ 10 5.6412690t 10 9.6412531€ 1C

UMEGA-CP/OMELA-P
LAMBUA-UCP
UPSILUN-PLP
UPSTLUN-GLY
CELIA
DELYA/UMEGA-CP
UMEGA-UP
CMEGA-UP FUMEGA-P
LAMBCA-UUP

UMS LLON-P P

UPS LLUN-GUP
CELTA-W
CELTA-G/ZUMLGA-wP

UMLGA-LY
UMLGA-CP/UMEGA-P
LAMBUA=ULP
UPSTLUN=-PLY
UPSLLON-LCP
DELTA
UeLFA/UMLGA-LP

3.2339123€ O
1.0324591E-01L
H. 710594336 07
5.2404218L CGo
J.6142541F Cb
1.9811 384 -04
l.d2433.5E 12
3.2344135 Ol
1.0424588E~-ul
B, 71054608 07
5,22042 35k 06
3.6142541E US
1.9EL1$78E-US

3.8205214E 00
8.7393321e-01
3.4301914k 27
1.3256610E 07
1.0509107c 10
4,8T604460-02
241952528k 11
3.82052158 00
4.73933700-01
3.4301915: 07
1.3258611E 07
1,0509107¢ 1O
4,8763435L-0¢

1-3133913E 00
2.5421842E 00
3.5376193€ G7
1.2854043E 07
3.34811902E 10
4.56351493L-01
T.4091724E 10
1.3133913 00
2.546421842F 00
3.5370193L U7
1.24540438 07
3.38119020 10
4,5635143E-0l

31812676 L
b.219189% U
6.32456113-0L
F.4214498c U7
1.2305152c 07
5.259687476 U4
1.179,9408-02

1.02B2052E 00
3.2472920E 0C
9.23156488E 07
4.9257835t Q6
3.8797G%06E Gl
6.6BB7257E-10
5.80036597E LU
1.0282052E 00
3.26729208 0O
7.231%6d8E 07
4,92578358 00
3.8797Gu6k 01
b OBRTZSTE-LD

1.0000028C 0C
3.2388731c QO
H#.978358B5E C9
S.0647019E U4
-C.
-0.
5.6412690E 10
1.C00C028E OC
3,3348731E CC
8.9783585E 09
5.C647019 06
-0.
-a.

al THOUT OMEGA-CP APPRCXIMATELY EQUAL 10 CMEGA-P

1. 17937470 11
2.09062%3L U0
1.9370736¢ 0O
LetTT0341k 07
1.1917081: 07
2.012499% 10
L.7064127t-01

T 40874650 10
1.323%49al160 00
2.5219066E 0O
1.50600 38k UT
1.19964G5¢ 07
B.bT812460 U9
1.1485360E-01

5. 79314988 1G
L.0270324¢ VU
3.2510001t 00
3.22102393c 07
4.7102112¢ 06
D.H3L25U0E 00
1.64509176-10

9.6412539: 1C
1.C200001E GC
3.3348820t 0C
R.GT7AII4BE CS
5.C64TIT3LE G4
0.

0.

1.0CCCOCOE OC
3.3388825E 00
B. 9783334 11
5.0&47161E 07
-C.
-C.
5.6412531E 10
1.CCCCOCOE GC
3.33848824E GC
8.9783334EF 11
5.Ca4Tl6lE Q2
-C.
-C.

5.6612532¢ 10
1.cCcCcuce 00
3.3384824€ OO
H. 97833356 11
5.CE4T160E (2
C.

08




g

Im DANMPING 3N

A CTHEEMAL PLASMA

TATLE
N-L=10.0k 11
LAMBOA=T= L.00000070 -0 E-t-u=
T-t= 1.0t Us
Pobs la3tZ24408 -Ub LAMBUA-S=

LAMBUA- W

K

UMELA~O

EPSILUN

v-LMP

p

IMeua-CP
UMEGA~LCP/UMEGA-P
LAMHLA-ULP

LPS ILUN-PLP
UPSTLUN-LLP
GeLra

Gel TAZUME GA-LP
UM LA-uP
UMELGA-UP/UMELA-P
LAMEDA-UWP
UPSTLUN=-PUP

UPS L= LGP

QL TA-¢

Lel TA-G/UMLGA- i

UuMLLa-Lp
EMEGA-CP /UM us-P
LAMKLA-GLLY
UPSILUN-PCP

UPS LLUN-LLP
DELTA

LEL TAZUMLGA-CP

Ve F5F I~ UL
6.233l85% U3
1.3635482k 14
F.999% - 01

G A0L4a320L-04

o645 t4bLE-G7

3.0003009(-013
240343951t 13
6e2T84937TE 113
19499918k -01

T-£-0= 4.230702#8¢k

UELTA-Q/0FLTA ARG=

12999 499L-C3
Se2831852¢8 02
L.BH35481€6 L3
7.9499102f-01

-C3 UMEGA-P=

241542406E-05

3.000GC00L-02
2.094139%1t 02
6.2784937E 12
9.9971926€-01
2.9978610k 10

¢-95T1601E LU 2.94776120 10 2+39T7T134E LO
1.6415401t 12 2.33206480 11 1.23234C7€ 13
2-3£4N%214E Gl 4.13391270 00 1.2520%210 00

tela32487t-ul
2.6221415% U4
1.72418238 G7
4022182320 08
2.56250100-1U4
1.6413500E L
2.9205214E 01
1.14324H87E-01
Z2.6221415C Cn
L.7341823E 07
4.221d232¢ UB
2.5625010kL-04

Ha 37680741 ~01
Toll3st 4 94
b.0eddTodt 01
2146243 09
3.7913084L-02
2.3320648: 11
4. 1339147 00
8.07168043t-01
L.1134634 08
4.03387630 G7
F.2146261F 09
3.93130a4t-02

260432660 U0
L.151l0691€ 0OR
$.7908 701k U7
3.0354519¢ 10
441970300601
7.23238C7 10
1.202G3521E CU
260432060 U0
lal5106918 La
3.95%04 el LT
3.03%401910 10
4.1970400E-01

5.81804%08 10O
1.0313351E 0OC
3.2374245€ OO0
2.7119119C 08
L.6369386E 07
4.731378LF ©2
Be1322471k-09
5.8180450¢ 10
1.0313391t QO
3.2374244¢ GQ
2.77179119t 04
1.63639386E 07
4.7313780€ 02
B.1322471£-09

2.H4598981E 11
S.0447277C Un
GeablBa664E-01
4.5293875L U7
3.8l G
L. bTAITAHE L
Lo 210385E-07

WITHOUT OMEGA-CP APPROXIMATLLY EQUAL TO

1.22001911
2416267390
Leba¥da Tt GO
D.KLS1624 07
11065839 07
L.8906249c 10
104366420 ~01

il
uo

Te2bla3s it
1.27318221¢
245846302t
L.1398410¢C
3.8199%415 07
T 49218726 U9
1.0240880E-01

10
ao
[V1¢]
uf

10
Lo
0
28

DeB124999t
1.03035%61¢
31.2405130€
2.7752643¢€
Lab564710 07
1.1500000E U2
L.9T784146E-07

9.6412531E 10

CELTA-Q/DELTA=

1.0000000€ GC
6.28318528 OC
1.8835481LE 11
9.1029890E~C1
3.1419903% 1C

5.6414121€ 10
1.00002828 CC
3.3387884E 0Q
B8.9785863¢ 09
5.C645736E 05
~0.
~0.
5.64141217 1C
1.0000282E OC
3.3387483€ GO
8.9785863F QS
5.0645736c 0%
=-C.
~0.

OMEGA-®
5.6412539€ 10
1.06G0000G1E CC
3.3388820F CC
B.97B3345E 09
5.0647460E 05
J.

G

LAMBDA-DP=

3.33¢8825E 00

1.CCCOCCoE 00

1.0C0C000E C¢
€.2E31B510-02
1.883%481E CG

3.34C7451¢E
5.6412531E
1.0CCCOQOE
3.338E825¢E
8. 9783334k
5.0647163E

-C.

-C.
5.6412531¢
l1.CCCCCoor
3.33848824¢L
£.9783334¢
5. 0647163k

=Ca

-C.

oc
1C
oc
ac
11
03

12
on
an

03

5.6412532€ 10
1.0CCCCCOF QO
3.338£8248 OC
B.9783335¢ 11
5.C647100€ Q3
C.

C.

(il Sl RV RNE B

LAMBOA=1= 1.06D0OGGU =04 b-F-U-
T-t= 1.00 us

P-k= l.d624228t-05 LAMBEA~S= ¢,

LAYBLA-W

K

UMEUA-0

FPSILON

v-rMP

p

GMLGA-LP
LMEGA-LP /M uA-P
LAMELA-GCP

UrS I ul=vrLe

UPS LLON=GLP

DeL A
GELTAZUMEGA-CP
UMLGA-WP
UMCGA-UP/UNEGA-P
LAMBUA-JWP

UPS TLUN-PUP

UPS TLON=GWP
LLtta-u

ULL TA-u/0ME0A-GP

UMEGA-LP
UMEULA=CP /AL GA- P
LAMBLA-LLY

RS LLEN-PUy

UPS 1LON=uL P
ULLTA

GeL Ta/UMEGA-LY

3. N0ALIONE-1Y
2204839518 G
Ha2 A6 4T 13
44333318 -C

eG4 L IHb1E~DT

1424244 0-03 e

4119 IF-03
LL24318BL2E U2
l.dodnanlt L3
a9 2E-GL

T-t-0=

LTA-Q/CoLTA ARu=

30D LIE-02
2.0943951E G2
G.2TH4ITL 12
3.9971726E-01

442 30T0LBE-C 3

(IMEGA-P =

2.15%62406tL-U0

1.CUOGCLLE-1]
G.2H33LBSZE )
l.dd354481E 12
3.99103299E-01
2.937105%4E 1C

249577602 16 2.3 T7734E 1D 2.991B8810L 10
1.8243320E 12 2.1552528c 11 T.4G1172%c 10
3.2333027 UL 3.82052150 00 1.3133913F 00
1.03245%91E-01 H.7393371-01 2.5%6218428 D
#. 71054398 Uh 3.4301915i 08 3.53761493F 04
>.2234216k 07 1.32566100 08 1.28%4043: w8
3.6142537C 0¥ 1.0G509107¢ 10 3.38011903€ 10

le9ell 38le~04
L.HZ433200 12
3.2335147€ Gl
1.0324591E-C1L
B 714398 ua
ne2204216F U7
J.b14253TE LB
Lo #BLL3B1L-04

4.8760445L-02
2.15%2528c 1
3.820>2158c 00
8.7393370c-01
3.6430191%L 038
1.3256610t 08
L.0503107¢ 10
4. RT604356-02

4.56351940-01
163l 725F 10
L.3133913k 00
2.5621842¢ 00
3.53761493t 08
1.24%4D43E 08
3.34119C3c 10
4.36395194t-01

5.8073657 10
1.02K2052€ 0O
3.24712920F 0O
7.2315689: 0Oy
4092518368 07
3.8797056€ 01
6.68B37T2576-10
5. 8003657t 10
1.0282052€ 00
3.2472920F GO
3.21315689€ O
4.3257836E UT
3.87970U56F U1
6.6887257¢-10

2.9781247 11
5.2 1314998 GO
6.3246113E-UlL
Lan2144 38 un
Le2C6la3dl ud
Ged3aiTATE LY
T.77859% 50~ U/

Se.64l2531Lt 1C

OLLTA-Q/DLLT A=

1.000000Ut OC
6.2831852L OC
1.8835481€ 11
9.1029890€E-C1
3.1419903¢c 10

5.6428442€ 10
1.0002820€ 0C
1.3379410E CC
4.9808656C 09
5.0632882€8 0¢
e
-0.
. 64284428 1C
1.0002820E 00
3.3379410E QO
B.9808656EL 09
52.0632882¢ 06
-0.
-0

wITHOUT UMEGA-CP APPROXIMATELY EQUAL TC OML GA-2

L. 17849001
e ULATTO4TE
L. 27 70b4c
Lo 7628173t
L.19291 35¢
e Ul24993E
1. 7370909€-01

il

T.468T4a5c
1.3239516¢
2.521'1066¢E
1.5060638¢
Lo 1946790656 uB
H.5 72812468 09
belunvidene-ul

ia
ud
o0
un

5.7937498¢
1.0270324¢
4.2510001¢
T.221039 3¢
4.71021128 97
7.5312%00c u0
1.6450917E-10

10
GO
v}
08

9.64125459E 10
1.0000001t Q¢
3.33888208 CC
H.97833450 0Y
5.0653309t Gé
O.

U
[N

LAMBDA-0OP= 13.33~HR25€ U0

L.CCOQCCCE 0O

1.CCCCO00E
5.2E31851€E
1.82354H81E

G2
~02
[+1]

3.34074%1F 0"
9.6412532€ 11
1.CCCCOO0E O
3.3388824E 00
B8.5783335€ 11
5.CE4TLL2E Q4

-C.

-C.
5.6412532F 1
1. CCCCOOOE 00
3. 3384R24F OU
B.G7833450 11
5.C¢47162E 04

-C.

~C.

5.6412532E
1. CCCLCunt
3. 33FPRA4Y
Ho97833 35t
H.CeaTln2E

~

Ce
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TABLE V. - Contin:ed. DISPERSION AND DAMPING IN A THERMAL PLASMA

N-£=210.0t 11

LAMBDA-1= 1.0000002t-04 E~F=03 3.06&H57461E-07 T-£-0= 4.2307028€-G3 OMEGA-P= 5.6412531F 10 LAMBDA-OP= 3,33BB825E U0
T-£= 1.0L 06
P-E= 1.3624228E-04 LAMBDA-S= 6.4014319E-03 DELTA~-U/OELTA ARG= 2,1542406E-07 CELTA-Q/DELTA= 1.0CO0CO0E 00
LAMBDA-W F.9999999E-03 3.00000u0E~02 1.00000CCE-OL 3.0000000E-01 1.0000000E QO 1.0C0C000E 02
K 6.2831852E U2 2.U943951t 02 6.2831b52E 01 2.0943G651L 01 6.2831852E 00 &.2831B51E-02
UMEGA=D L.4B3IS481E 14 6.2784337¢ 12 1.88354B1L 12 6.27B4938E 11 1.8835481E 11 1.BE35481E 09
EPSILON 9.99991U2E-01 $.9991926t-01 9.9910299E-01 9. 9L92690E-01 9.1C29890E~01
V-tMP 2.997T736E 1C 2.9978810t 10 2.9991054¢ 10 3.0099343E 10 3.1419903E 10
P 3.3407451€ OC
UMLGA-CP 164754008 12 2.3320448E 11 71.2323806E 10 5.8180450€ 10 5.657T1643E 10 5.6412546E 1C
LMEGA-CP/UMEGA-P 2.9205214€ UL 4.1339127¢ 00 1.2820521C 00 1.0313391€ 00 1.0028205E 00 1.CCCCO03E OC
LAMBDA-UCP 1.1432488e-01 8.0768034¢-01 2.6043260E 00 3.2374245E 00 3.3294916E 00 3.3388816E 00
UPSILON-PCP 2.6221414E 09 L.1l34694c 09 1.1510691E 09 2.7T173119E 09 9.0036566E 09 8.9783357€ 11
UPS TLON-GCP 1.7341822c 04 4.0838763t 08 3.9504761E QB L.6369386E 08 5.C504714E 07 5.0647148E 05
ocLva 4,2218233% 08 9.2146283€ vy 3.0354519E 10 4.7313781k 02 ~-0. -G.
LELTA/OMEGA-CP 2.5£25012€-04 3.95130u64€-02 4.1970300£-01 8.1322471E-09 -0. -C.
UMEGA-QP 1.6475400c 12 2.3320448¢ 11 7.2323806e 10 5.8180450L 10 5.65T1643E 10 5.6412546E 10
UMEGA-QP/UMEGA-P 2.9205214€ Ol 4.1339127 0O 1.2820521€ 00 1.031339LE 00 1.C028205€ 00 1.0CCCOC3E 00
LAMBCA-QuUP 1.143248R8E-01 8.0768043¢-01 2.6043266E GO 3.2374244L 00 3.3294916c 00 3.3388816E 0C
UPSILON-PYY 2.6221414k 09 1.11346%6 09 1.1510691E 09 2.777911%E 09 9.0036566E 09 8.9783357€ 11
UPS TLON-LYP 1.7351822€ 08 4.0838763t 04 3.9504761E 08 1.6367386E 08 5.C504714E 07 5.C647148E 05
CELTA-Q 4.2218233E 08 7.2146281E 09 3.0354518E 10 4.731378CE 02 -0. -0,
OELTA-U/OMEGA-UP 2.59625012k-04 3.45130868~02 4.1970300E-01 841322471809 -0. =C.
WITHOUT OMEGA-CP¢ APPROXIMATELY tQUAL TO OMEGA-P
OMEGA-CP 2.8450981E 11 1.2200191t 11 7.2874957¢ 10 5.8124999¢ 10 $.652253BE (O 5.6412532E 10
UMEGA-CP/UMEGA-P 5.0447377€ 0O 2.162673%€ 00 1.2918221¢€ 00 1.0303561€ 00 1.0019500€E cCC 1.0CCCOCOE 00
LAMBCA-UCP 6.6184664€E-01 1.5438677€ CO 2.5546302¢ 00 3.,2405130€ ¢C 3.3323842€ 0C 3.3388824E 00
UPSILON-PCP 4.5293875€ 0B 5.H82516¢3L 08 1.1594410t ¢9 2.71792643E 09 B.9Y58414E 0% 8.9783335¢ 11
UPSTLON-GLP 3.89123178 Uy 3.8065837¢ 08 3.BL09815€ 0B L.5564T10E 08 5.0383855¢ ¢€7 5.0647164E 05
DELTA 5.60493748 09 1.8306249c 10 T.4921872¢ 09 L. 1580000t 02 0. C.
GELTA/UMEGA-CP L.9710385k-02 1.54490682E-01 1.0230880E-01 1.9784946L-09 0. C.
M-£=16.0C 11
LAMARDA-1= 1.0000002t-0% £-F-U= J.64574610-07 T-E-0= 4.230702BE~-C3 OMEGA-P= 5,6412531E 10 LAMBDA-0P= 3,3388825¢ 00
T-£= 1.08 07
P-Ez 1.3624228E-013 LAMBDA-S= 2,1b24244E-0¢2 OELTA-Q/DELTA ARu= 2,15426406c-08 DELTA~Q/DELTA= 1.0C00CQUE OC
LAMBDA-W 3.00000C0&-02 1.000000CE-UL 3,0000000E-01 1.0000000€ 00 1.0000000€ 02 L.QCCQOOO0E 04
X Z.0%43951E 02 6£.2831852¢ O1 2.094349%1t Ul 6.2831852E8 00 6.2831851E-02 6.2€831852E-04
UMEGA-O 6.2186937¢ L2 1.8R35&81lE 12 6.2784938E L1 L.8B83548LE 11 1.8835481E 09 1. BE3I54B1E O7
EPSILUN 9.9991926E-01 9.9910249¢-01 3.9192690L-01 9.1029890£-01
V-tLMP 2.99784810E 1( 2.9991054E 10 3.0099343¢ 10 3.1419903€ 10
4 3.34C7451€ 0OC 3.3388826E 0OC
UMEGA-CP L.B243320E 12 2.1552528t 11 T.4091725E 10 5.8003657t |0 5.6412690€ 10 5.6412531€ 10
QMEGA-CP/UMEGA-P 3.2239126E 0Ol 3.8205%213c Q0 t.3133913€ 00 L.0282052E 0O 1.0000028E 00 1.0CCCO00E 09
LAMBLA-UCP 1.0324%90E-C1 0.7393373L-01 2.2421842E 00 3.2472920€ 00 3.33B8731€ OC 3.3388825€E 00
UPSTLON-PLP 8.7105434E 09 3.4301904L 09 3.53761493E 09 3.2315688E 09 8.9783586E 11 8.9783332€ 13
UPSILON-LCP 5.2204217E uB 1.3256610t 09 1.2854043¢ 09 4.9257836E 0B 5.0647019E 06& 5.0e47162E Q¢
Del TA 3.614253BE 04 1.0509107t 10 3.34811904€ 10 3.8797029€ 01 -0. -C.
LEL TA/OMEGA-CP Le9811382E- G4 4.8T60438E~-02 4.5635195E-0L 6.,6887211€E-10 ~-0. ~Ce
OMEGA-QP 1L.B243320E 12 2.1%%2528: 11 T.4091725¢ 19 5.8003657 10 5.6412690E 10 5.6412531€ 1C
UMcGA-UP/OMEGA-P 3.2335126C C1 3.8205213 00 1.3133913¢ 00 1.0282052¢t 00 1.€000028€ 00 1. CCOCOOOE 00
LAKMBLA-OwP L.032a5%491c-0L 4. 73933728-0l 2.5421842t 00 3.2472920€ 00 3.3388731c 00 3.33B8824E 0O
UPS ILON-PQP 8. 11054348 UY 3.4301914E 09 3.53T6L193E 09 9.2315688E 09 8.9783586€ 11 B.97B3332¢ 13
UPSTLUN-GUP 542204217 03 L.3256610L Q9 1.2854043t 09 4.9257836E 08 9.0647019E C6 5.0€47162€ 04
DELTA-Q 3.6142538€ CH 1.45091076 10 3.3811903F 10 3.8797029¢ 01 -0. -C.
DELTA-U/UMEGA-UP L."8ll3y2¢-00 4. n160436L-02 4.5635195E-01 6.6887211E-10 -0. -0.
WITHOUT UMEGA-CP APPRCXIMATELY EQUAL TO CHMEGA-P
OMEGA-CP 2.9781247c 11 1.1749062L 11 T.468T465E 10 5.7937498¢ L0 5.6412539E 10 5.6412532€ 10
CMiGA-CP /UMECA-# 5.27918499€ JC 2.U89%7948L 00 1.3239516r 00 1.0270324€ 00 1.Q00000LE 0O 1.0CCCO00E aC
LAMBLA-ULP 6.3246L13E-01 1.5977082c 00 2.5219066L 00 3.2%10001€ 0C 3.3368820€ ©C 3.3388824E OC
UPS TLUN-PLP 1.42194988 U L.8762875€ 09 3.5660638¢c 09 9.2210393c 09 8.9783347¢ 11 8.9783335€ 13
UPSTLUN-GCP 1.21061 53 U 1.19296433: 03 115969065t 09 4.,7102111E 08 5.0647172k 06 5.Ct47160E Q4
DeLTaA 5.2965747¢ 04 Z.CL000uVOE 10 8.5781246L 09 9.53125C0€ 00 Q. Ce
DELTA/UMEGA-LP 1. 77459408~ U2 1.70627020-01 1.1485360E-01 1.64509176-10 0. [
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Cont i oned .,

CM AND DAMPING IN

A THERM

AT PLASMA

Neb= ll.0e 19
LAMBCA-1=

T-t=
pot=

Loy Ci
1.36G2422BE -0

LAMBDA-w
3
UMEua-0
EPSILUN
V-LMP

v
UMLGA-CH

UM GA-CP/UMEGA-P
LAMBUA-LIP

UPS TLUN-PLP

UeS FLUN-LCY
DELTA
LELTAZOMLEGA-CY
UMEGA-YP
LMLGA-UP/ UMEGA=P
LAMBCA-LLP
UPSTLUN-HGP

UPS TLUN=GUP

CEL T4-0

LiL FA-U/UMLGA-UP

UMEGA-CP
UMLGA=CPLOMEVA-P
LASUDA-LCY

U S TLON-PCH

urs LLuN-GLLY
DELTA

LEL VA/UMEGA-CP

1.000000 3L-135 E-

LAMBLA-G=

1.0L0J0Q0L-Ub
6.2841392€ 06
1.d883v48le 17
9, 33999996-01
2,949T160UCE LU

509016 319E-07

5,645 T45456 -0

3.00000UN -6
2.0443921c 0O
©.2184938L 106
9.7999999t-ul
2.99776001 10

CELTA-G/UELTA ARL=

L.OLO0OGUUOE-US
6.2B3La%2E U5
t.d839541€c 16
9.3499998E-01
2499276008 1O

OMEGA-P= 1

G.B123071E-01

3,0000000E-05
2.0943951¢ 0%
6.2 184938 15
9.9999992E-01
2.9977601¢ 1C

9.2G94791E 13
2.920»214E Ol
3.6152700E-03
B.2413393E Uo
5.47 336560 U
1.3320>786 1u
2.5629012E-04%
1.9845572C 14
1.01246493L Go
20491247 - 04
3. L54%208E U7
9.£150231E 05
1.44074L7¢ 1u
7.25916406-Go

7.326573CH 12
4.13391c6L 05
2.554111n -02
3.5210943 06
1.2914350c Vb
2.9139216c 11
3.95130856-02
J.lHl4de20 12
S.l4677320 00
2.U514T46¢-02
4.3n38129c U6
L.74927757 Ub
3. 14458890 L1
1.6269423E-02

2.2810756C0 12
1.2420%21¢ L0
H.235603480-02
3.64000LCE OB
Lo2692502¢ Q6
3.538%417¢ 11
4.1970300E-01
2.3017151e 12
1.29325%63c 00
B.1832372v-02
3.6632935E VO
L.3132196€ 06
1.03%879%¢ 12
4.5004696€-01

1.83982761 12
1.0413391E 00
1.0237635E-01
B.T845289E 06
5.17645428 05
L.4961931€ 04
8.1322471L-09
1.H8400081E 12
1.0314404t 00
1.0236630E-Ul
H.T853914E 06
5.2094025k 05
L.6146326t 04
8.7751385E-09

8.93596043F 1¢
H.06484720 0U
2 NI212230-00
1.64323322E UG
1.2304912¢ 06
1.7736373C L1}
1.9705716E-00

Wl THUDT UMEGA-CP APPRCX IMATELY EUUAL TC

3. 8%66346L 12
2016188430 00
4.8837102¢-02
1.841404dL 06
L.204785% Q06
3.9863737 11
L.5%170680L-01

2.3046838c 12
1.24192040 GO
B.1726%04E-02
3.6680183¢ U6
1.20417792¢ U6
2.30T10728 11
1.0271202:-61

L. 8330624 12
1.0309103k 00
1.02416896E-01
H. THOHTOOE Qb
4.91432038 UY
3.5390625%E 03
1.9243841E~09

.78392C09E 12

CELTA-Q/DELTA=

9.9999999€-05
6.2831852¢ 04
1.8835481€ 15
9.9999909E-01
2.9977613E 10

1.78895240 12
1.0028205€ 0O
1.0528727e-01
2.8472063t 07
L.5970993k G5
=0
~0.
1.7889539E 12
1.0028213€ UG
1.052876BE-CL
2.84720B6E Q7
1.6980271t 05
-0.
-0.

OME GA-$
1.7879220¢ 12
1.0022428¢ 0C
1.0534845:-01
2.B455662E C7?
1.9918859¢8 05
Q.

C.

(A¥BDA-CP= 1.0558473€-01

1.0791¢C6E 0Q

§9.9695999€-013
6.2831892€ 02
1.8E35481E 13
$.91C2988E-01
3.0112962E 10

1. TE34214€ 12
1.CCCCOU3E 0O
1.0558471€-01
2.8351390E 09
1.6C16C35€ 03
-C.
-C.
1.7839214E 12
1.0CCCCO3E QC
1.0558470E-01}
2.8391990€ 09
1.6C16G36E 03
-C.
~C.

1.7835210E 12
1.CCOCO00E 0O
1.0556473E-01
2.B391984E 09
1.6C16038E 02
Ca

C.

W-b= Lol

T L.0¢ ue

—p=
Potz l.3626228E-U5

LAMBUA- W

K

UMEGA=D)

LES TLON

v-umP

p

UMEGA-CP
JRELGA-CP/UMEGA-P
LAMBLA-ULP
UPSTLIN=PCP
UPSLLUN-OLP
LELTa

Lel FAZUSCGA-LY
[PEGAFERSY
UrLoA-uP /UREGA-P
LAMBLA-LGP
UPsSiLaN-rur

[ ARV
CLLia-u
LeLTA-L/uML GA-WY

HMELA-LP

S LA LR/ DREGA-Y
LAMBGA-LLY

UM S ILON-PLY

UPS TLIN-GLY
LLLTA
LeLyaZuriva-Lr

i5
LAMUBUA-1= 1.0000003c-US

E-F-0=

LAMHUA-S=

3.00Ud000EC-0u
2.044390lE Vb
6.2184938E 16
9,934999%-01
2449 11600F 10

2.18246244E-006

.66 T455E~05

1.0000000E-05
b6.2431B52E 05
1.883496810 16
9.99999948C-01
2. 39776000 1D

T-t-0=

DELTA-U/ULLTA ARG=

3,000UUCDE-05
2.0943431¢€ 05
6.2724%38L 1Y
Bt r 4428 -0
2 34TT6CLE LU

4.2307020E-01

5.T6462¢ 13
3.2339126E 01
3.2646%24230-08
2.7345157 07
1.6502423c G6
1.142)2 74 10
L-98113820-04
H.9491305¢ 13
3.33v19860 ol
3.1657704E-03
Z.B4074871€ LT
1.7041759c O
lel43sli3e LU
1, 32249890 -U%

6.4155078t 12
3.4205213€ 0U
2. 763621 1e-02
1.08472188 Q7
4.1321082c U6
3.3232115E 11
4.4760638L-02
6.8301433 12
3.82672v5% 00
2.72769926-02
1.0870511€ 07
4,70T4606L UG
4.3258413 L1
4.H8693580c-02

2.347986lL 12
13133913t U0
Ba03909¢20-02
1. 1186935¢ 07
4.006480>3c 06
L.G&W2262E 12
4.5635193-01
2.34310667L L2
1. 3136325k OO0
B.03H6T22E-02
L. 11877970 67
4.0611191€ C&
1.0700530t 12
4.5666961E-01

UMEGA-P= 1

6.8123070€-0¢

9.9999999€-05
6.28311852t 0%
L.B83%6B1lE 15
9.9999909E-01
2.9917613k IC

1.8342367c 12
1.0282052e 0O
1.0268839E-01
2.9192784€ 07
L.9516695C 06
1.2268706L 63
6.6887257€~10
L.8342382€ 12
1.0282060€ 00
1.02688310-01
2.91928088 LY
1.5577587L 06
1.2278194k U3
6.649348928E-10

.41 749958 12
S 21910168 0OC
2.0000912e-Ud
4.49692480 UO
3.8316T7T90 LS
Leta 4349490 11
L. 2R 36E -2

WITHUOUT UMEGA-CP APPRCXTIMATELY EQUAL mn

3.7292955k 12
2. GH05049 0D
5. 0>068URL-02
be435335620 Do
s. 7012160 V6
6.4593739k 1L
1.70524n1E-01

2.36210520 12
1.3241087c 00
T.917402300-02
1alc?B222E U7
Jab0663BRE b
2. 7093ne 1l
1.l6767848-Cl

1.831267%¢ 12
1.0¢65309¢ 0C
1.0285588L-01
2.714524TC O
1.4716181EF 0C
3.09375008 02
La68141990-13

78392098 12

DELTA-Q/DELTA=

9.9999999E-03
6.2831852¢ 02
1.8835481E 13
9.9102988E-01
31.C112962E 1C

1.7839259€ 12
1.C000028E 0O
1.0558444E-01
2.8392062€ 09
1.6015996k 04
-0
-Q.
1.7839259c 12
L.£000028E GG
1.055B444E-01
2.B392062E ©9
1.6015994k 04
-C.
-0.

OMEGA-P
1.7839220€ 12
1.CCO000&6E OC
1.0558467E-01
2.8392000c 0%
1.6016019E 04
.

[0

LAMBDA-0P= 1.0558473E-01

1.0C07733€ 0O

1. 0CCO000E 0N
¢€.2€31852€ OC
1.8€835481¢ L1

1.0617824E-01
1.7839209E 12
1.0CCCCOOE 0O
1.0558473E-01
2.8391983€ 11
1.6CL6039€ 02

-C.

-C.
1.783%209E 12
1.0CCCOCQE 0C
1.0558473E-01
2.8351983¢€ 11t
1.6C16039% 02

-C.

-C.

1.78349210¢ 12
1.0CCCOC0E 00
1.0952473E~C1
2.8391984E€ 11
1.6C16036F 07
C.

C.

1
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st Trmed,

DISPERSION

AND DAMPING IN A THERMAL PLASMA

TABLE V.
N-L= 1.0t 15
LAMBUA- 1= 1.0UOGUU3E-05 C-F-0=
r-c= 1.010
P-E= 1,3624228E-04 LAVBDA=-S5= &,
LAMBLA-W 1.00000LCE-0n
K 6.2631852€ U»
UMELA-T) l.He 354l 16
EPSTLON 3.999439BE-U1
v-iMp 249311600 1o
p
UMLEGA-CP 9,209497%1c L3

UMEGA-CP/UMEGA-P
LAMRBOA~UCP

UHS LLUN-PLP
UPSTLUN-GLP
Deota
DELTA/UMEGA-CP
UMLGA-QP
UMLGA-QP/UMELA-P
LAMEDA-UWP
UPSTLON=PUP
UPSILUN-LGP
DELTA-y
LCtLTA-U/UMEGA- WP

UMEGA-CP
GMEGA-C# JUMELA-P
LAMBCA-uCP
UPSTLON-PLP

UPS TLON~CP

3. 0eHTHS5E-00

1014314k~ 06 CE

3.0000000E-0Y
24098395 Ub
784938C 15
F. 999499928 -01
2.%977601 10

T-£-0=

LTA-Q/DELTA AaRL=

FaFIIVPGIE=-QS
6.2B831852€ 04
1.883%48lc 15
FaTFIIIEE-U
2.947761310 10

4.2307020E-01

2.9204216F Ui
3.61521700e-ud
8.2513540 CT
D.4839657E o
1.3450578BE LU
2.5629012k-u4
S.2114626E 14
Z2.4180180 LL
1.614254T-U3
bB.2Y42686E Q7
5.4¢€501493C Ou
i.33u0089c 10
2.4%613029E-04

T.3745730& 12
4.13391268 00
2.95411150-02
3.5210993: 07
1.271433518 07
2.9139214¢ 11
3.9513085L-07
TLoA74T587 12
4a134GL490 U0
2.25%40688L-02
3.5211855¢ 07
i.271486% 07
2.913945860 11
3.9512447{-02

2.2470756E 12
1.,2620521c 00
8.2356038E-02
3.66000u2e 07
1.2492502¢ U7
1593894178 11
4.19703C0c-01
2.287G810F 12
1.2420230c U
Ha2355984t-02
3.6400Uc5t UT
Le2492507 U7
F.5930216t 11
4 1370623E-U1

OMELA-P=

6,H8123071E-03

3.0CCCUCOE—04
2.0943951E 04
6.2184938E 14
F.9999192E-01
2.9977721 10

1.8398274L 12
L.0313391k 0O
1.0237635:-01
H.T84%289. U7
5.1164561c U
1.436191dc e
8.13223586-09
La839B2741 12
1.03133%1E 00
1.023763%€-01
8.78452892 OT
5.1764575L G6
1.4362042EF U4

B.94960436 1z
5.0448472E GG
2.0921223%-L7
1.43214322E 0/
1.2304912¢€ 07

al THUU
3.8566396E 12
2.1618843L 00
4.8839102t-02
l.84160988 G7
1.2047833%: 07

T UMEGA-CP APPROXIMATELY EGQUAL TC

2. 30468301 17
1.2919¢04t L0
B. 17269661 ~-02
S.66H01H83L G7
1.206T443r 07

¥el323075t-09

1.43906261 12
1.03091U3E GO
1.0241lu94t~01
8.7808762¢ UT
4.9143203t Cb

1.7839209¢ 12

DELTA-U/DELTA=

9.9999999€-013
6.2R31852¢ 02
1.8835481E 13
9.9102988E-01
3.0112962 1C

17839712 12
1.0000282E 00
1.G5%B1T6E-0L
2.8392783 €3
1.6G15588t G5
-0.
-C.
1.7839712c 12
1.00C0282E ¢C
1.C558176e-01
2.8392783E (S
1.6015588E 05
-C.
-0,

LMEGA~P
1.7839220E 1¢
1.0000006€ ©C
1.0558467E-01
4.8392000t G9
L.6UL6110€E U5

LAMBUA-OP =

1.CC00C83E 00

1.0CCCO00E OO
€.28318B52E 0C
1. BE354831€ 11

"1.0617824F-01
1.7839209¢ 12
1.CCCCO00E OO
1.0558473€-01
2.8351943¢ 11
1.6C16039€ 03

~C.

~C.
1.7E39209E 12
1.CCCCCOCE OC
L.05584T3E-01
2.8351983F 11
L.6Cl603SE O3

-C.

-C.

1. 7E3IS210E 12
1. CCCCou0E 00
1.0558473E-01
2-8391984E 11
1.6C16C37E 03

oLLta 1.7734373E 11 5.98437149( |1 2.36T18k20 1L 3.5390625¢ 03 (o Q.
LLL TAZUMEGA-CP L. 3 iGn716E-02 1.5517068L-01 1.02712G2e-01 1.9743841€-09 C. Ca
N-C=z l.UE 15
LAMBDA-1= 1.0000003-05 E=F-0= 3.6437455E-05 T-£-0= 4.2307620€-01 UMEGA-P= 1.7839209E 12 LAMBCA~QP= 1.0558473E-01
T-t= L.0k U4
PoEz 1.3624228t-03 LAMBUA-S= 2. 18264244E-05 DELTA-Q/DELTA ARL= 6.Bl23071t-04 CELTA-C/CELTA= 1.0000CCCE 00

LAMBDA-w

K

UMEGA-T

e8Sieun

V-LMP

9

UMEGA-CP
UMLGA=CP/UMEGA-P
LAMBLA-(CP

UPS LLUN-PLY

UPS FLON-uLLP

UeL fa

Db TA/ZOMEGA-CP
UMEGA-WP
UMEGA-UP ZUMEGA=-P
LAMBLA-(:yP

UPS TLON=-BYP

URS TLUN-GWP
velta-q

Lulla-u/ UMLGA-UP

HMEGA-LCP

UMt GA-CP/UMELA-P
LAMBCA-ULP

UrS TLUN-PLY
UPSTLUN-GLP
DELTA

DEL FAZUOMEGA-CP

3.GL00G00E-US
2.0343351E Ub
6.2784938BE 15
949993992 -U1
2.3377601€ 10

1e7II9I49L-05
6.24318u20 u4
1.83354plt 15
P.999990%E-u1
2.9977613E 19

31.0000080E-G4
2.0943951k U4
6.27847 38k 14
1. 14991928 -ulL
29477021 L0

5. T6I0444E L3
3.2239127 ul
3.2¢43222E-U3
2.724>158E (4
1.6508423E O/
Lal4292766 10
L.9811381lE-04
5.7690624E 13
3.21335228C Gi
3.2049120E-4u3
24 T945244E 0B
L.bHGB&T8E U7
Lelaz2y2 4t 10
L9811 319-04

6.8155079c 12
3.8205214t QO
2.7036210(-02
l.0347218L 08
4.1921082¢ U7
3.323271461 11
4.87606360-02
6.8159093c 12
382052220 00
2.76362061-12
1.0847220t 08
4.1321098t 07
5.32327140 11
4.87604261-02

243429861F 12
13133913k ud
B.0340421E-02
L.1i8693u( QR
4.0668053L QT
1.0692264% 12
4.50635195E~61
2.3429H061t 12
1.3133313r 1o
Re039021t -L2
1.1186335c G
4. 0648095 U7
1.0692263c 12
4450351450 -01

D41 749958 12
5.27191016€ QU
2.00CC512€-02
4.44965248E 07
3.851678CE U7
1.6743999C i1
L. 1780036E- 02

wITHUOUT UMLEoA-CH APPUX IMATELY EGUAL TO

3.7292955¢ 12
2.090%049L 40
5.05068CRE-02
993535818 0T
3.7691218¢ Q7
643593739 11
1.7052481c-01

2.36210%4 12
L.32a413870 U0
7.97402300-u2
L.lz?822¢c U3
3.6666385¢: 07
2. 7109571 11
tolaf6ls4c-01

G.9999999c~04
6.238318B53¢ U3
L.9B835482t Q4
9.9991030k-01
2.9978944E 1C

L.83423670 12
1.0282052¢ ©Q
1.0268839%-01
2.9192784k 08
1.95976696EF 07
1.2268715¢ )
6.68H7303~-10
t.8342367r 12
1.02820%2¢ 0O
1.0268639E-01
2.9192784¢ 08
L.55766968 017
1.2268715¢C 03
5.6887303-10

L.8312499¢ 12
1.0265309¢ VO
l.0285588t-01
2.9165247E 08
l.4916182¢ 07
3.0937500t 02
1.6896199E-10

F.9999999E-01
6.2831852¢ 02
1.B8835481E 13
9.910298dE~C1
3.0112962€ 10

L.78442406 12
1.C002820€ CC
1.0555496E-01
2.8399991E 09
1.6011523 C6
-0.
-C.
L.7844240¢ 12
L.C002820& 0O
1.05455436E~-G1
2.8399991¢ 09
L.6011523€ Q¢
-0.
-G.

CMEGA-P
1.78392208 12
1.CCO0006E QC
1.0554467E-C1
2.8392000¢ 09
1.6017011E ¢6
0.

0.

1. 0CCCOUDE CC
€.2€31852¢ 0C
1. 8835481 11

1.0617824€E~01
L. 78369209 12
1.CCCCOCOE ©C
1.0558473E-01
2.8351983F 11
1.6C16C39t 04

-C.

-C.
1. TE35209E 12
1.CCCCCOOE GO
1.05584T73€E-CL
2.8391983E 11
l.6C16039F D4

-C.

-C.

1.7839210€ 12
1.CCCCOU0E OC
1.0598473¢6-01
2.83919B4€ |1
1.6€16037¢ 04
Ca

Q.

1.0558473:-01




Continued.

DISPERSION AND DAMPING IN A THERMAL PLASMA

TABLE V.
H=E= l.0E LS
LAMBDA-[= 1.0000003-95 E-F~0=
T-E= 1.,0E 05
P-E= 1.362642786-02 LAMBDA=-S=
LAMBUA-W 9.299979%E-0Y
K 6.2831852€ 04
UMEGA-N L. 8435481E 1%
EPSILUN 9.99959C9E~01L
V-(HMP 2.9511613E L0
3
UMEGA-CP 5.2C99791€ 13
UMEGA-CP/OMEGA-P 2-9£05214c 01
LAMBDA-UCP 3.6152700€-03
UPSLLUN-PLP 4.,2919394t 08
UBS [LUR-,LCP 5.4439658E 07
DELTA 1. 33508 7HE 10
VELTA/UMEGA-CP 2.5625012¢-04
UMEGA-QP 5.2C99792€ 13
UMEGA=UP/UMEGLA-P 2.9205214€ Ci
LAMBLA-UGP 3.6152699€-03
UPSILON=-PGY 8.251%4395k 08
UPS TLUN-GUP 5.4839660€ 07
LeLTA-G 1.33505778 10
LELTA-Q/UMeGA-UP 2.5625011E-04

UMLEGA-CP
UMEGA-CP/UMELA-P
LAMBCA-LCP
UPSILUN-PCP

UPS TLUN-WCP

6.9014319-0>

3, 6457455E-05

3.N0000GOE-04
2.09439%1k 04
6.2784938L 14
9.9999192i-01
2.9977T41E 10

T-€-0= 4.2307020E-01

DELTA-Q/DELTA ARG=

H4.9999999E-04
6.2831853E 01
L.8B35482E L&
7.9991030€-01
2.99789442 10

T.37457308 12
4.1339126E QU
2.954111%€-02
3.5210993k 08
1.2914351E 08
2.91339214& 11
3.9513085£-02
7.3745730 12
4.1339126E 00
2.9961114E-02
3.5210933t 08
L.2914351C 08
2.913%9213¢: 11
3.9513085E-02

2.2B70796E 12
L.2820521E 00
B.23560388-02
3.64000C2€ C8
1.2492503c U8
9.5989419E 11
4,1970301F-U1
2.2870756E 12
1.2820521E 0O
A.23560376-02
3.6400002& OB
1.2492503t OB
T.594961TE 11}
4.197030iE-01

8.94996083E 12
S.0448472€ UU
2.0%29223E-07
L.4323322¢ 0H
1.2304912k Gb

CMEGA-P=

6.8123070€-05

3.0000C00E~-0)
2.0943951¢ 03
6.2784937¢ 13
$.9919268E-01
2.9989707€ 10

1.8398274€ 12
1.0313391¢ 00
1.0237635E-01
8.784%289¢ 0B
5.1764542E 07
L.4961931E 04
B8.1322471£-09
1.8398274E 12
1.03133%91€ 6O
1.0237635€-01
8.7845289E 08
5.1764542€E 07
1.4961931& 04
8.1322471€-09

1.7839209E 12

DELTA-Q/DELTA=

9.9999999E~01
6.2831852¢6 02
t.8835481t 13
9.9102988E-01
3.C112962E IC

1.7889524E 12
1.0028205E G0
1.0528777e-01
2.8472063E 09
1.5970993t 07
~-Qa.
-Q0.
L.7889524E 12
1.0028205¢ 00
1.0528777€~0Q1
2.8472063E 09
L.5970993c Q7
-0.
-Q.

Al THOUY OMEGA-CP APPKCXIMATELY EQUAL 10 OMEGA-P

1. 89663965 12
2.1618893E 00
4.8B39102E-02
1.841640498t U8
1.2047834E 08

2.3050740¢ 12
L.2921342€ 00
H.1713128E-02
3.66863938 UB
1.2047335€ 08

1.8390624E 12
L.0309103€ 00
1.0241894£-01
8.780B762€ 08
4.9143204E 07

L.7879220€ 12
1.0022428E Q0
1.05348456-01
2.8455662E 09
1.5918840€ 07

LAMBDA-0P= 1.0558473E-01

L. 0000CCOE 00

1.0CCCO00E 00
6.2831852E CO
1.8E835481€ 11

1.0617824E-01
1.7839214E 12
1. CCCCOO3E 00
1.0558471€-01
2.8351990E 11
1.6016035E 05

-0,

-C.
1.7839214E 12
1.0CCCO03E 00
1.0558470E-01
2.8391990E 11
1.6C16035E 05

=0.

~0.

1.7839210€ 12
1. CCCCOOOE 00
1.0558473E-01
2.8391984E 11
1. 6C16038E 05

DeiTa 1-7734373€ 11 5.,9843739: 11 2.3671872E 11 3.5390625€ 03 0. Q.
GELTAZUMEGA-LY 1.9705716E-02 1.5917068L-01 L.0269463E~-01 1.9243841E-09 0. c.
N-F= 1.0& 15
LAMBDA-1= 1,0000003€-05 E-F-0: 3.66457455E-05 T-E-0- 4.2307020E-0} CMEGA-P= 1.7839209E 12 LAMBDA-0P= 1.0558473E-01
¥-E= L.UE 06
P-E= 1.3024227€-01 LAMBUA=-5= 2.18242441-06 DELTA-Q/NELTA ARG= 6.8123071€-06 DELTA-Q/DELTA= 1.0CC0CCCE 0O
LAMHDA-w 3.000C000E~D4 9.499G999E-Dé 3.0000000C-03 9.9999999E~03 1.0000000€ 00 1.0COCO00E 02
K 2.0941951E 04 6.2331853t 03 2.04943951c 03 6.2831852E 02 6.2831852¢ 00 6.2€631851E-02
UMEGA-U 6,2784338E 14 1. B83I5482E 14 6.2764%37E 13 1.8835481E 13 1.8835481€ 11 1.88354418 09
EPSILON 9.9999192E-01 9.7J910306-01 9.9319268E-01 9.9102988E-0C1
V-EMP 2.9977721€ 10 2.9978944k 10 2.9989707¢ 10 3.0112962E 10
P 1.0617824€-01 1.0558479€-01
UMLGA-CP S.7690461E 13 6.4155079C 12 2.3429801€ 12 1.83642367E 12 1.7839259€ 12 1.7839209€ 12
UMLGA=CP/UMLGA-P 3.2334125 Ul 3.8205214k 20 1.3133913c 00 1.0282052E 0Q 1.000002HE 00 1.0CCCCOCE 0O
LAMBCA-UCP 342649224E-03 2.76362108-02 8.03904922€-02 1.0268839E-01 1.0558444€~-01 1.0558473E-01
UPSILON-PCP 2. 7545157 Uy L.0ud47218C 09 1.118673%4t 09 2.9192784c 09 2,8392063€ 11 2.8391984F L3
UPSTLAON-GLP 1.6508423C 04 4.19210383E 0B 4.00L46R0>3E 08 1.59766%5C 08 1.6015994€ 06 1.6C16039€ 04
veLra L.1423275¢ 10 3.3232714€ 11 L.00922620 12 1.2268706E 03 -0. -C.
LELTA/OMEGA-CP 1.9811384k-U4 4.8760436£-02 4.5635193E-01L 6.6887227E-10 -0. -0.
UMEGA-GP 5. 76904416 19 6.08155079L 12 2.34298610 12 1.8342367c 12 1.7839259E 12 1.7839209€E 12
OMeGA-UP/ OMEGA-P 3.2339125% 01 3.52052146¢ 00 1.3133213E VO 1.02820%2E 0O 1.0C00028k 0O 1.0CCCO00E 0O
LAMULA-DUP 3.20492¢24E-01 2.76362108-02 8.0390921E~02 1.0268839E-01 1.0558444E-01 1.0558473€-01
GRS ILON-PUP 2.7543157€ G2 L.0847218E 09 l.11R6934E 09 2.9192784E 09 2.8392063€ 11 2.8391984€ 113
Ups ILON= 6P 1.650d423E 0o 4,1321083 08 ©.0648023L U8 1.%576695E 08 1.6015994€ 06 L.6C16C39E 04
DELTA-Q 1.1429275€ 10 3.3232716c 11 1.0692¢62€ 12 1.2268706E 03 -0. -C.
LeL TA-G/UMEGA-UP 1.98L1384E-04 4.R16U436€-02 4.5635193E~-01 6.6487257¢-10 -0. =C.

OMEGA-CP
UMLGA-CP/UMEGA-P
LAMBLCA-UCP

UPS fLuan=-pLe
UPSTLON-GLP
CELTA
DELTA/UMEGA-CP

4176995 12
5.2181016E GU
2.0C00512E~02
4.4965249E 08
3.85167808 04
l.6749999 11
1.7785036E-0u2

WITHOUT OMEGA-CP APPROXIMATELY EQUAL TO DMEGA-P

3.7292955¢8 12
2.0405049k 00
3.0G>0080U8E-02
5.9353581€ 08
3.7691219€ 08
6.3593739¢ 11
1.7052481c-01

2.3671037E 12
1.3241087c 00
7.9740230E-02
1.1478221€ €9
3.66L6385E Q8
2.7109371c 1L
l.1476786E-01

1.831249%E 12
1.0265309t 00
1.02855%488E-Q1
2.9149247E 09
1.4916182¢ 08
4.0937500€ 02
1.6894199¢~10

1.7839220E 12
1.0000006E 0C
1.0558467€E-C1
2.8392000€ 11
1.6016019E C&
0.

C.

1. 78362106 12
1.0CCCO0QE OC
L. 05584 73E~01
2.8391985E 13
1.60L6036E Q4
c.

C.
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TABLE V

. - Continued.

DISFERSION AND DAMPING IN A THERMAL FLASMA

N-e= LLOE LS

LAMBDA-1= 1.00G00303E-U5 E-F-0=
T-k= 1.00 07

P=E= 1.36242280 00 LAABDA-S= u.

LAMBLA-W

K

UMLLA-D)

EPSILUN

V-EMP

P

UMiGA-CP
UMLGA-CP/MEGCA-P
LAaMBLA-ULP
UPSTLON-PLP
UPSELUN-GLP
DeLlA

DEL TA/QMEGA-CP
UMEGA-LGP
OMUGA-UP/OMEGA-P
LAMBDA-OGP

UPS LLON-PUP

UPS TLUN-GUP

Ol TA-Q

CtL TA-U/UMEGA- WP

UMEGA=-LP
OMLGA=-CP/UMEGA~P
LAMBEA-OCP
UPS[LON-PCP
UPSITLON-LCP

Ve 39T IF9E- D4
b.2B31893k U3
LoBE3ISGH2E L4
9.9991030F~-01
2.7378944E 10

4014320€-04%

3. 6497455E-05

3.1090030¢-03
2.0943951t 03
6.27R4937¢ 13
7.9919208L-01
2.9949707t 10

T-£-n=

OELTA-Q/DELTA ARG=

FeFGIIIGIE-0]
62831622 02
l.48354tle 13
3.91Nn24880-04
3.01129¢2c 10

4.2307020F-01

OMEGA-P=

6.8123071€-07

3.00000600-02
2.0943951k G2
5.2184937c 12
9.1326900t-01
3.12066232¢ 10

Y.2093T7920 L3
2.9203214 0l
3.6192699€-03
Ho29l i394 09
S.4835657E 08
1.3350577 1
2.5625010E-04%
5.2099792E 13
2.9205214E 01
3.6157699E-03
B.2313394¢ 09
5.4839657¢ Q8
1.3350577 10
2.5625010e-0%

7.3745732€ 12
4.1339127C 00
2+9%41114E-02
3.521099231 09
L.2714350L 59
2.913792130 11
3,9513084E-02
T.31657328 12
41339127 00
2.5541114L-02
3.5210973C 07
1.2914350 09
2.9137213¢ 11
3.99513086E-u2

2.2370796L 12
1.2820541E 00
Re2356034E-u2
3.64000028 09
1024925028 09
3.59894 LML LI
4.19T0300k-ul
2.2470T496E 12
ta2420521€ GO
H.2 35603702
3}.6400uulE 09
1e2442502¢0 09
4.548%416k 1L
4.19703CUL-01

1.8398274F 12
1.0313391€ 00
1.0237635E-01
8. 7465249k 09
3.1764542t 08
1.4961931k 04
8.1322471k-09
1.83982748 12
1.,0313391¢€ uo
1.023763%€-01
B.T845289E 09
5.1764562+ 08
L.4361931E 04
B.1322471E-03

8.7946083 12
5.0440472¢6 00
2.0929223-0¢
1.4323322¢8 U9
1.23047126 09

wITHOUT OMFEGA-CP APPKROCXIMATELY EQUAL TD

3.85663968 L2
2.1618893C 00
4.8839102E-02
1.8414098E 09
1.2047834t 09

2.3050740t 12
1.29213492€ 00
Re1T1312BE-02
l.66863493 09
1.2047336F 04

1.8390624( 12
1.0309103¢t 0O
1.0241894c-01
R.T8OBTSIE 09
4.91432G3E 08

1.7839£09¢ 12

OELTA-Q/0EL TA=

1.0000000C 00
6£.2831852E Q0
1.88354B1E 11

1.0617B24E~01
1.7839712€E 12
1.0000282c 00
1.0558176E~-01
2.8392783¢ 11
1.6015588C 07

-0.

-0.
1.7839712E 12
1.0000282¢ 0O
1.0558176€-01
2.8392783% 11
1.6015588E Q7

~0.

-0.

CMEGA-P
1.7839220€ 12
1.0000006E 0CQ
1.0558467E~C1
2.8392000€ L1
1.6016110E G7

LAMBDA-CP=

1.0000C00¢ 00

1.0CCCOCOE 02
€. 2E3LBS1E-02
L. BEAS4BLE 09

1.0558479€-01
1.7TE33209¢€ 12
1.0C0C00CE OO0
1. 05584 73E-01
2,8391984€ 13
1.6C16C39€ 09

~C.

-C.
1.7835209€ 12
1.CCLCO0CE 00
1.0558473E-01
2.8351984€ 11
1.6C16039¢ 035

=C.

-0.

1. 78352106 12
1.CCCCOOOE 00
1.0558473E-01
2.8351985E 13
1.6C16036E 05

olLTA L.7734373€ L1 D FREITIE UL 2.3671a72¢ 11 3.5390625E 03 C. C.
DELTAZ/UMLGA-CP L9057 16E-02 1.5317068E-01 1.0¢69463E-01 L.3243841E-09 0. Q.
N-L= L.OL 18
LAMUDA- = 1.0000004t-0C6 E-F-0= 3.0457444E-03 T-£-0= 4.,23070120 G} MEGA-P= 5,6412532E 13 LAMBDA-0P= 3,3388825E-03
T-r= 1.0€ Gl
P-t= 1.36242268€-03 LAMBLA=-S= 2.1426244E-08 CELTA-Q/UELTA ARG= 2.154¢406E O1 CELTA-Q/DELTA= 5.2653115E 07

LAMBUA-W
[
GMEGA-T
EPSILUN
V-uMe

»
UMEGA-CP
UMLGA-CP/UMELGA-P
LAMbLA-LLP
UPSILUN-PCP
UPSILON-GLCP

OLL A

DEL TAZUMEGA-CP
WUMEGA=-UP
UMLUA-WP /UMEGA-P
LAMBOA-(WP
UPSILON-PGP
UPSELUN- OGP
SJOLTA=Q
LELTA-L/UMEGA-WLP

UMELA-CP
UMEGA-CP/UMELA-P
LAMBEA-(CP

LPS TLYN=PLP
UPSTLUN-LLP

DeL A
LELTA/OMGA-CP

3.000C000E-08
2.0943951E Ua
6.2786937c 18
F.9399999E-Jl
2.9977600L 1L

4.9399999~-08
6.2431852€ 07
1.8435481E 148
9.9399999E-01
2.9317600E 10

3.0u00U0OE-LT
2.094395Lt Q7
6.27849340 17
7.37994498L-01
2.3377600E 10

1.00000C0E~-U6
5.2831852C V6
1.8u635%4dke 17
7.99933989£-01
2.9371601¢ 1O

1.8243320€ 15
3.2337146¢ 01
1.0324591E-U4
A.T7105435€ 06
be22us2LTE Ub
3.614¢>38¢ 11
1.78113E2E-0s
5. TLD6215E 18
1.013¥184CE U»
342994353 -08
2. 7290111 10
1.007722278 Go
1.3C301 T2E L9
3. 32443835 00

2.15525248t 14
3.8205214t GO
8.7393311E-04
3.430191% 06
1.325661Ut 06
10509107t LY
4.8760436E-02
4.6497333E 16
B42623764E O¢
4,0508T34L-06
T7.4002804E 08
$.5808315 06
9.5333721€ 20
L. 19004GBL 04

T.6391745k 13
1.3133213L 00
2.5421842t-03
3.53761938 ué
1.28%4043¢ U6
3.3811902¢ 13
4.563514930-C1
L.4D24T204E LY
1.164193970 vl
249180940604
3.0819020E 07
D.0448 338 UL
L. 780300t 21
2.75491 3961 06

9.8U03658€ 13
1.0282052¢ 00
3,2472920€-03
9.,2315689€ 06
4.9¢257836k 05
3.879205T7E 04
6.6887257(-10
6.2031B39E 13
1.110246% 0C
3.0073332€-03
.F6816648L 06
3.13999%6L 04
2.04278581 12

1.2615713k-02

2.9145154E 14
S.2194Rc4l GO
6.32371318E~04
1.6221303E 0O
1. 2302909 Qu
DL 2968245 12
1.778360T6-02

AlTHOUY UMELA-CP aPPRUOXIVATELY EQUAL

L.1789061t 14
2.089794T0 00
1.59770n4c-03
1.B762813E Q6
L.172 31358 06
2.0124939¢ 13
L. 70703%u9t-ul

la4L8T490E 13
1.323952110 00
2+5219U58L-03
3.50L000500 Go
Lualb926710 06
B.92749996E 12
Lelasll73e-ul

5.7396B87T46L 13
102758630 UL
1.24%2416E-013
9.2260127C 08
4. 70282480 05
3.2500000: 03
1.5356874e-1C

sl

9.9999999€-C5
6.25831852E O4
1.8635481E 15
9.5%16299E-01
2.9991054¢ 1C

S.6412691E 13
1.0000028¢ 00
3.3368731k-03
8.3783586€ O
5.C647020€E 03
-0.
-Q.
5.641267LE 13
1.C000028¢ OC
3.23€8730k~-03
8.9783586E 08
5.C6T6494E Q3
-C.
-0

UMEGA-P
S.6412532E 13
1.0000000t GC
3.238R824E-0C1
8.9783335E Q¢
5.C647193E 03
a.

U

$.9999999€-01
6.2£831852F Q2
1.BE3544d1E 13

3.9421574E~-03
5.6412532¢ 13
1.0CCCOLOE QC
3.3384H25E-03
B.3783332¢ 10
5.Ce47163E Q1

-C.

-C.
5.6412532€ 13
1.CCCCOOOE QO
3.3388824E-03
8.9783332E 10
5.GE4T166E O}

-C.

-C.

5.06412532€ 13
L. 0CCCOCOE OC
3.3388824E-03
8.9783332¢ 10
S5.Ce47l60L 01
C.

C.

&l

1.0558473¢-01




TARLE V.

= Continued.

DISPERS.ION AND DAMPING IN A

THERMAL FLASMA

N-bs Lleul Ly
LAMBLA- I =

2o leuloue
voE=

LAABOA- G
L3

UMEGA -1

LPSILUN

W-LMe

P

LML La~-CP
UMLLA-CP/UMiua=P
LAMELA-LLP

UL LLUN~PLP

UM LLON-GCP
Geufa
VELTA/UMLLA-LY
LMLGA-UP
CUMEGA—WP /URELA-P
LuMBLA-LYP

UE S LLUN=-P G

UL Ted=Luy

CLU A=
GELTA-G /UM G- g ®

UMeGa-LP

e GA=CP /UMELA-P
LAMpLA=(CP

Uk S iLi=eLy
UPSTLUN=-GLP
oeLra
LELTAZLMEGA-CP

L. UNddaL=uo

Tedulagsat -y

toFogs

LAMBUA=S= L.

PR B EE LTIV
H.21313528 U7
1.43n354d1lE lo
Fedsda33IE -0l
2.2 17600E 10

Setihula4dk~03 T-

YLi431 =00

3.0000000.-u7
2,024391c al
L. 27369 3HL LY
4. 9INgIEE-U L
2. 337600t 10

E-2= wozdolLL2r

OLLTA-J/CLLTA ARGL=

1.0uduuLlE~U6
28318528 06
1.8c¢ 1564t 17
Fe eI -Gl
2.931T6Ule 10

Labsto6u0l 15
£a1én213E Ul
Lol d2adHE- U4
2.62214160 U7
1.7:41823E ub
4.22182368 L1
24962501 4E-Us
4, 79293420 1b
Hoa4b2226E U2
3. 02904 346 - Ut
TeawZnllne UR
3.521441C Co
EFRREYRE LI
1. 1 3dce THU=- 0D

2.392044bL 14
4.13321¢068 UO
HaOTHROSE-0G
lot136694 07
4.U438T63L 06
Je214620H8E 12
3.901308TL-0¢
HauabdalTE la
1.4262518k 01
24451018590 -04
d.14 160930 CG7
B8.43490441 00
1.3190548c L}
2.7200d616c-02

T.2323806k 13
1.2020%21t w0
2.6U63266E-03
L.1%10¢91LE O7
3.9%04761E UG
3.U35%45188 13
4.1970£98E-01
T.6331986E 13
1.3640%38L 0O
2.0467692TE-03
1.22472870 07
9.8728420L 06
5.99226d0 13
T.18702290-01

c1 OMEGA-P=

2.1942406¢€ 00

1.000Q0V0E-DE
2.0943951E U6
6.2784938E 16
949999918¢-01
2.9971612€ 10

5.8180651€ 13
1.0313351k 00
1.2374244E-03
2.7779119¢ a7
1.6363385 U6
4, 7313738E 05
£.1322398E-04
5.8237586E 13
1.0323%20¢& 00
3.2342641E-03
2.18064C0E U7
1.741C3¢3k 06
9.3401793t 05
1.6U38060E-08

2.84419128 14
5.04u31 72 Lo
6.61718506-u"
4.%444539 Lo
1.8304251E UG
5.6C93746L L2
Lo 2103550 -02

wilnourt
1.21953120 L&
210180901 00
Lebh444B56L-03
5.8228345c 06
3.8102400L 06
L.niye2aeqt 13
1.5502882(-01

UMEGA-CPY APPRCX
T.2874931k 13
1.2418227€ 00
2ahH46/790E-03
1.15984150 07
3.8102731k U6
T.aol4935€C 12
1.07T4443E-01

IMATELY EQUAL T
5.81249980 L3
1.0304501E 0O
3.2405110L-03
2.7152643E 07
1.9964710€ Go
1.15000C0E »
1.9784946E- 29

5.6412%32€ 13
CELTA-Q/DELTA=

9.9999999€E-05
6.2831852t 04
1.8335481t 15
9.9910299E~C1
249991054k 1C

S.6414122E 13
1.00002828 00
1.3387884t-03
8.9785864 OB
5.064573%E 04
-C.
-C.
9.6414122¢€ 13
1.0000282¢ 00
3.3387883E-Q3
8.9785864E Q8
9.C6486B1E C4
-Q.
-a.

C CMEGA-P
S.6412534E 113
1.0006000E 0O
3.33868823:c-03
B.9783337t OF
©.C647473c Q4
C.

D

LAMBDA-OP= 3,33HBHB25E-03

1.9740946k N0

9.9999999E~-01
6.2831852€ 02
1.8835481f 13

3.5421574E6-03
5,6412532€ 13
1.0CCCO00E OC
3.338€88B25E-01}
8.97183332E 1C
5.0&647163E 02

-C.

-C.
5.6412532€ 13
1. 0CCOQQOE OC
3.3388824€-03
8.9783332¢f LC
5.0647163E 02

- 0.

-C.

5.6412532€ 13
1.CCO0000E 0O
3.3388A24E-01
8.9783332€ 10
5.C647160E 02
C.

Q.

M-tz LeGE Le
LAMBTA-1=

T-r= l.0t 33
[

LAMBUA=«~

[3

[SRISVIESY)

PSS ILUN

V-t Mp

v

UMcbA-LP

UM GA-CPZGMLLA-Y
LAMBLA-UCP

UPS ILuN-PLP

UPS LLON=GLP
CitLtra
CevTA/ZUMEGA-TP
UMELA- GP
CMLGA-UP L CMOLA-P
LAMBLA=-OwP
UrSiLun-rupb

UPS LLUN~ LGP
LELTA-W
Cleta-u/urela-up

LMEGA-CP
UMELGA-LP JUMLGA-P
LAMREA-OLP

urs iLgn-pPLe
UPSTLUN-GLP
oeLTA

LeL TA/GHELA-CY

L.ut000d4c-00

lo3uesl2lr-491

t-F-0-=

LAMHUA-S= 2.

3. 0G0GNUOF-uT
Z.Gia sl wl
G 2THaI3BC LT
eG4 IIRO-0GL
2.9477600 LU

Yo 04 l448E-D1

18242440-07

1.0000000L~06
Ga2331AB2E 06
1.4833481L 17
GeIPINI49L-01
2.93117601c 10

T-£-0=

4.2307017¢

DELTA-G/UELTA ARG=

3.0020000k-08
2.0343951E U6
he2144938L L6
J.94939918E-C1L
2.9317612¢ 10

l.8c43320E 15
3.23391260 Ul
1.03265)1E-0a
B.TLICH436C UT
He2¢042140 Ub
3.6142538: il
1e9nlld82E-Ch
3BT 13
a.2660731 Ot
TeRe 216320 -0n
l.i% 38634k 08
LauhseISHME Cb
Lebasltser 1
1525330 e -U4

2.1552528L 14
3.470521 3k U0
8.73933736-04
3.4301913F U7
1.3256610L 07
1.us09107k 13
4.n8T604380-02
220103460 14
3.90256 301 GO
B.9556144L-04
3.50385%11c 07
1.3732912f @7
1.Us905790 13
4.8105440L-02

7440317250 13
1.3133913k 0O
2.56218420-03
3.5376194F U7
1.2854043C 07
3.38L1902E 13
4.5630193¢-01
7.41488662t 13
1.3144041t 0G0
2.9%4022220-03
3.54)3475C O7
l.2%217106ut O7
3.4074029% 13
4.5453542e-01

Z.9TH5194E L4
S.20)H8246E U
6.3231HLRE- LY
losg21363 o7
1.230/43040 67
Ge2ILHlabk 12
Lo 27436CTE- L

Wl THOUT LMEGA-CP APPROXTIMATELY bGUAL

1. 1785001t 14
2.1871%4 T DU
1.m9770240-03
1.17628¢83c Q1
1.1929134 07
2.0124949 13
1.70709%0G3c-Ul

T.e0474908 13
L.32335210 0D
?.e9¢13058E-G3
J.508065%0E OT
L.l>3950 71t 07
A.57493968 12
1.14401723¢-01

[*2% OMEGA-© =

2.1542406€6-01

1.00000C0E-US
0.28318%2¢ 06
1.88354818 l6
9.9999102E-0U1
2.99777348 10

5.H0036980 11
1.02B205%2k U0
3.264729200-U3
9.2315%6849t 07
4.9257834L 06
3.HT97GI0E U4
6.6881211E-10
$.8C04121E 1}
1.02H2134 00
3.2472660E-03
9.2316426L CF
L.52R605TL 06

Heb4&125312€ 13

CeL1A-G/DELTA=

3.659999£~05
&.28318526 04
1.8835481E LS
9.991C299E~01
2.9991054E 1C

5.6428443E 13
1.0002820€ QC
3.3379410€-03
H.9H046917€ Q8
5.C6328808 CH
-0.
-0.
5.6428443E 13
1.C002820€ CC
3.3373409€-03
B.7808657t O
5.C633175€ C5

3.9C378C4r 04 -0.
6.7405217€-10 -0.
T (MEGA-#

5. 7968748 13
1.027586130 0U
3.26924760-03
J.2¢60127L 07
4. TU2B2480 UG
9.25000C0L 053
1.5956874c- 10

5.64612534L 13
1.C00000CE 00
3.33188823%€~-03
8.3743337€ 08
5.0650323k 05
C.

Q.

LAMBDA-COr = 3,338B825t-03

1.GC77525€E 00

9.9659999€-012
6.2E31852E Q2
1.8835481E L3

3.5421574£-03
5.6412532E L3
1.CCCCOQ0E CO
3.3388824€-03
8.9783332€ 10
5.0€47161E C3

-C.

-C.
5.6412532C 13
1.CCCC000k OC
3.3388824E£-01
8.9783332¢€ 1¢
5. 0647161€ 03

-C.

-C.

5.66125320 13
1.0CCC00Q0E oOC
3.3385824E-03
B. 9783332 1O
5.0€47160L 03
C.

C.

(R

49
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TABLE V.

tinced.

DISPERSION AND DAMPING IN A

THERMAL

PLASMA

N-es 1.00 48

LAMBUA-]= 1.00000U4E-06 E-fF-iy=
T-b= 1.00 us

P-k= l.db242Z08E 00 LAMBUA-S=

G

3.045T6480-03

JULA3idE-01

T-g-0=

4.23070128 01

DELTA-G/UELTA ARG=

2.1542606E-02

CMEGA-P= 5.

64125328 13

DELTA-G/DELTAS

LAM

BCA-CP= 3,3388825£-03

1.¢CO077CE 00

LAABUA-W 1.000u0U0e -Us 3.00000u0E~-U6 1.0000000E-05 3,00000Q00kE~0U% 9.3999999k-05% $.9599999E-03
K 6.2831852c LU 2.7439510L 06 6.2431852L 05 2.0943951k 0> &.2831852c 04 6.2E31B%2€ 02
UMELA-O 1.8830681 17 6.21864938L 16 1.883%4381lk 16 6.27684938C 1> 1.8835481€ 15 1.BE35481E 13
EvS TLON F.A9989E 01 9.7999918E-01 9.9997102C-01 3.9991926E-01 9.9910299E-01
V=-LMP 2+99T16CLE LU 2.9917612¢ 10 2-9G97T734E 10 2.9978810L 10 2.5991054E 1C
[4 3.5421574E-C3
UMLGA-CP L.b4Tv40le Lo 2. 3320448 14 742323806 13 5.818B045%1E 13 5.6571643E 13 5.6412547E 13
UMEGA-CP/UMEGA-P 2.92CH214c (1l 4.13391¢6E GO 1.2820%21E 00 1.0313391€E 00 1.0028205%E CC 1.0CCCCO3E OO0
LAMBLA-QLP 1o14324080-04 H.016H095E-06 2.60432668-03 3.2374246L-03 3.2294917€-C3 3.33888l6t-03
GHSILON-PLP 2.62214%15c UB 1.1134634L 08 1.1510691E 08 2.7779119k 03 9.0036%67€ 08 8.9783355€ 1IC
UPSTLUN-GCP 1.7341823E 07 4. 08 3BTOL3L OT 3.9504761E G7 1.6369386E U7 5.0504715E Q6 5.0647151E 04
UeLTA 4.2218233F 11 J.21462830 12 3.0354519E 13 4.7313781C 05 -0Q. =-C.
LELTA/OMEGA-CP 2.5625012:-04 3.9913085E~02 4.1970300E-01 B.1322471E-09 ~-0. -C.
UMEGA- P 1.64216B28 15 Z.3326161lE 14 7.2324209E 13 5.81B0456E 13 5.657T1643E 13 5.6412547E 13
UMLGA-JP fUMEGA-P 2981255 UL 4.13492540 00 1.28206U3k VO 1.0313392¢ 00 1.CG28205E 00 1. CCCCOQO3E 0C
LAMBLUA-UUP 1.14Cus62b~Ca Ho(T48311L-04 2.60630931-07 3.,23742418-01 3.3294916E-C3 3.33888L6E-03
UPSTLUN-PUP £.62950750 0B l.1137422¢ 08 115107050 GH 2.7779122E 08 9.C036567t CH E.9783355E 10
LS TLON=-GLP 1. 713493846E U7 4,039514%Lt 07 3.320680TE G/ 1.63649490E Q7 5.0504744E 06 5.Ce47151€ 04
DeLTA-C 4.2¢21688: i1 4.2193378: 12 3.0356855E 113 4.7317423E 05 -0, -Cs
LLLTA-Q/UMELGA-WP 2.55551 9Tk -L4 3.9906448E-02 4.1973263E-01 B.1328726&-G3 -0. -C.
WITHOUT UMEGA-CP APPRCXIMATELY ERQUAL TG UMEGA-P
UMEGA-C¥ 2.RB461912E 14 1.2195342: 14 7.2874971k 13 5.8124998t 13 5.6599999E 13 5.64125328 13
UMEGA-CP/UMELA-P 5.04531 728 O (1618040 Q0 1.2918227¢ 0O 1.0303%61t 00 1.00¢332328 OC 1. CCCCOCOE CC
LAMBLA-LLP &.61778L0E-ULs 1.9464854L~03 2.9446290c-03 3.,2405130t-012 3.327R236E-03 3.3188B24F-C3
CHS FLUN-HCP 4.92985400 U7 Y.H228325L 07 1.1598415c U8B 2.1752643¢ 08 $.C08L698E O# A,9783332E 1IC
UPS TLUN-LOP 3.89304251E L7 3.51024U08 OF 3.84L02729€ 07 1.5564710k O7 5.0127956E V& 5, 0e471040 G4
OrLia S.6C9376a6k L7 149062490 13 TabH8T4995E L2 1.1500000C 05 G. C.
UEL TAZUMLGA-LP 1o 71043550 -02 1o55028a2: -01 1.0274443E-01 1.97B4946E-09 0. C.
i-t= 1.0k 18
LAMBLA- 1= 1.000D004c-06 E~F-0- 3.04576448:-0U3 T-t-0= 4,2307012k Ol UMeLA-8= 5,6412532F 13 LAMBUA-OP= 3.33BBA25E-U3
T-t= l.Ut G>
b-£= l.30242788 O] LAMBOA-S= 2.182%24490-00 CELTA-L/0ELIA ARL= 2.15%642406¢-03 DELITA-)/DELTA= 1.CCOOCCCE 00
LAMBUA-W 3.000UNODE~Uo 1.0000000L-05 3. 0000000E-05 939 HHI9E=-0U3 G.59949999C-C1 1.0CCCOO0E 00
LS 2.04943951k Ui L.2831822L 05 2.0%63951L 05 6.283185%2¢ G4 6.2831H52¢ 02 6.2831B57E 0C
OMELA-D 6.2786938L o l.nd3%441L 16 (PR - TV ET- 1 ) 1.8d35481c 13 1.8835481f 13 1.8835441E 11
EPS LLUN 4. 9993991 8E-01 49991026 -01 9.9991926L-01 3.991024991:-01
V-EMP Z2.991T612r tvu AN TTT 340 O 2.9978810F 1D 2+99310540 12
P 3.54215764=03 3.33E90LLE-03
OMEGA-CP 1. 82433200 1% 241592528 14 T.4091725C 13 5.8U03608L 13 5.6412691€ 13 5.64125326 13
CMEGA-CP/UMEGA=P 3.23331¢6c 01 3.8209213C 00 1.3133913c 0O 1.0282052¢ 1) 1.6000028E 0C 1.0CCCOQ0E GC
LAMBDA-UCP 1.0324991E-C4 H.1393373E-04 2.5421842E-03 3.24729200-01 3.%388731~01 3.3388825E-03
LPS TLUN-PLP 8.7103%36L UB J.43019148 U8 3.5376194E 08 F.23156910 G4 B.9783585¢ 110G H.9783332¢ 12
UPS TLUN-GLLP 9426062170 L7 1.3256610r 0K 1.2H34043F OB 4.92571836L 07 5.C6470208 0% 5.0L47163E 03
DELTA JeblazniBl il LeUs09107E 13 3.3311902e 13 3.87970597%k ws -0 -C.
UEL TA/UlMeGA-CP 1.9811 382~ 0G4 4.5760438E-02 4.95635193¢-01 6.64871257-18 ~-GC. -C.
UMEGA-GUP 1.8243BY91E 1Y Ze15452574c L4 7.409173lc 1 5.B003658E 13 5.6412691E 13 5.6412532E 13
UMC GA-WP/UMELA-P 3.234C139 Ul 3.420%295%. GO 1.313391L3t 0D 1.0282092 00 1.0000028c OC 1.0CCCCOCE QC
LAMBDA-LWLP 1.0324267k-U4 Sal3931550-04 2.5421840L-03 3.2472919L-03 3.3388730E-C1 1.338dB24E-03
UP S LLUN-PUP B.T710d1 64 Un 3.43017%488L (8 3.5376136c LB J42319691c U B.9783535¢ IC B.97833142E 12
UPS LU= WP S5.2209357€ 07 L.3256659¢ 0n 1.2854050E 04 4,.325T838c 07 5.C647020F Q5 5.0847163E 03
Ltel YA-g 3.61425380 1L 1.0L509107c 13 3.38119020 13 3.H737¢5%6 04 -0. -C.
EELTA-/UML GA-WH 1.9¢1l%162c-04 GanloUdseL-02 4.56351492E-01 6.6HAT2STE-1C -0. -C.
WL THOUT OMEGA-CP APPRUKIMATELY BWUAL T0 GMLGA-P
UMEGA-LP a9 iHalbaE 14 1.1789061L L4 T.abuTa300 13 5.79687480 13 5.6412534¢ 11 9.64125371F 13
LMcGA=LR/UMELA-P Seltigdz6l L0 £.08994TC 00 182395216 U0 1.0275803c 020 1.C0003U0e QC 1.0CCCco0E OC
L AMBLA-UCP La323181RE-Uh 125 770845~03% 2492170 02HE-073 3.24724766E-01 3.338842%(-C1 3.3384824E-03
Uks [LAN-PLP Lo422134630 un 1.H762873t UR 3.3060650€ UB V72601280 O35 3.9783337¢ 1C A.97R3384E 12
Uk S T U= ul P 1. 23072904 ¢ 1.14271 341 OB Lelsusu/li UM 4.7024290 07 5.0641718% Q5 5.0647160E O3
CELTA Sa2uedTave 14 Zoul249930 13 AL Tad it 12 G.2300L00 U3 C. C.
GEL 1A/ NMea-Lp Vo7 IH3G0 fe - Ge 1.73709049%c=01 Lataglliie-ol L9568 tar—1u 0. .

en
T~




- Conttreed.

DISPERGICN AND DAMPLNG [N A Y

AMAL

FLASMA

6.9014319E-06

3.645746HE-04

3.0000000L-05
2.0943951c 0%
6.2784938L 15
3.9991926E-01
2.4978810L 10

1-£-0=

DELTA-U/DELTA ARL=

F.34I9I9HE-0S
6.2631852E G4
1.88354810 1%
F.9910299E-01
2439910548 10

4,23070128 €1

TABLE
N-e= l.ue 148
LAMBLA-T= 1.00000064t-UB E~F-0=
T-i= 1.0¢ Ou
e-b= 1.36242288 02 LAMBUA-S=
LAABDA-W 1.0CoC0U0E-CY
K 6.2B31LU%2E OY
MCLa-n L.883u4B1E o
EPSTLUN 9.99991C2E-CL
v-gHp 2.9977734F 10
P
UMe GA-CP l.o47u4UlE 12
UMEGA-CP/UMELA-P 2.9,092148 O
LAMEBCA-LICP 1.1432488E-U4
UPSILUN-PLP 2.,6221415 09
UPS {LUN-GCH 1.7341822 Ot
DeLFA G.22142338 11
UVELTA/UMEGA-LP 2.56245012E-U04
UMELGA-WP L.6672405 15

UMeGA-wP/UMEGA-P
LAMBUA-UQP
UPSTLON-PYUP
UPSTLUN-LUP
OLLTA-Y

Cel TA-G/UMEGA-UP

UMLGA-CP
UAELA-CR/OMEGA-P
LAMBCA-ULP

UPS ILON-RLP

2.92022¢2¢ U1
L.1432404k-G4
2.6221422¢ 09
1.7341827E GH
©.2218233C 11
2.9625004C~us

2.3320448: 16
4.133%126t 00
B.0768095E-04
1.1134693¢ 09
4.0838703€ U8
9.21462483t 12
3.95130856-02
2+3320448t 14
4.1339127¢ 00
8.0768093L-04
L.11346%40 09
4.0438765c 08
G.2146283c 12
3.9513085E-02

7.2323806k 13
1.2820521E 00
2.60U43266E-03

1510691E Q9

3u04T762E 08
3.0354519E 13
4. 14970300E-01
7.2323806k 13
1.2820521E 00
2.6063266E-03
1.1510691E 09
3.92047¢42F 08
3.0354519¢ 13
4,1970300E-CL

2.8441912C L4
$.04531 12 TU
6.6177850E~04
4,52985400 0¥

OMEGA-P=

2.1542606t-0%

3.0000000L-04
2.0943951F 04
6.27B44938L 14
9.9192690LE-01
3.0099343k 10

5.818045L0 13
1.0313391t 0O
3.2374244:-03
2.77179119L 09
1.6369386k 08
4.73137388 05
B.1322368L-09
5.8180451¢ 11
1.0313391€ 0O
3.23742644E-03
2.7779119¢k 09
1.6369386 UB
4.7313738¢ 05
8.13223958e~-09

WITHOUT OMEGA-CP APPRUXIMATELY EQULAL T

L.2195312c 14
2.16180%00 00
La54448540-03
5.R228326L 08

T.28744991E 13
1.2918221t 0Q
2.9046290E-03
1.1%98415E GS

5.8124998¢ 13
1.0303561t OO
3.24091306-03
2.7752643t 09

D.6612532€ 13

CrLTA-Q/DELTA=

9.9999399t-013
6.2831852¢ 02
1.8835481E 12

3.54215T4E-C3
$.64141226 13
1.0000282E GO
3,3387884E-02
8.9785863€ 1C
5.064S736E Q6

-0.

-C.
S5.64141228 13
1.0000282E 00
3.3387883E-02
8.9785863E 10
5.0645736E 06

-0.

-C.

C CMEGA-P
S.6412534E 13
L.CO0000CE CO
3.2388823E~C3

LAMBDA-GP= 3.3388B25E-03

1-CCOQCCCE Q0

1.0CCO000E 0
€.2E31852€ 0C
1.BE3S4B1E 11

3.3389011€-02
S.6412532¢ 13
1.0CCA000E 0O
3.3388825L-03
B8.9783332E 12
S.C&64T164E 04

-0.

-C.
5.6412532¢ 13
1.0CCCOCOE 00
3.3388824E-03
8.9783332F 12
5.0¢47164L Q4

-C.

-C.

5.6412532¢ 13
1.0CC0O0C0E 0O
3.338€824E-C)

B.9783337E

1C

8.9783334E

12

UPSTLON-GLP 3.8904251E Us 3.8102401t 08 3.8102729€ 08 1.5264710t 08 5.06474736 06 5.0647162E 04
DELTA 5.6093746L 12 1.8906249: 13 T.4874995E L2 1.1500000t 0> Q. C.
UELVA/ZUMEGA-LP 1.47083556-02 L.5502882E-01 1.0074443E-01 La9784946L-09 Ca C.
H-k= 1.0E 18
LAMBDA-I= 1.000JC04E-06 E-F-0: 3.6457448E-03 T-E-0= 4.23037012f €1 OMECA-P= S.641¢532E 13 LAMBDA-OP= 3,338BB25E-03
T-L= 1.0t 07
P-E= L.36262¢4F 03 LAMBUA-S= Z2.14264244E-0> DELTA-Q/UELTA ARGL= 2.1542406E~-05 CELTA-G/DELTA= 1.CCQOCCOE 00
LAMBUA-w 3.000U0G0E- UGS 1294999998 -0% 31.00LNUGLOE-0% 9.9999999L~ 04 3.9999999E-012 L.0CCCou0E 00
K 2.0348751E OO G.2831852t 04 240494939510 06 6.2831853L 03 6.2831852¢ 02 £, 28318528 00
CMEGA-0 6.2T8444BE 1> 1.8835481E 15 H.2TH4Y3RE L& 1.8835482L 14 1.8835481c 12 1.8835481€ 11
tPSILUN G939 326E-CL F.9910249E-01 9.9192640L-01 7.1029890E-01
V-EMP 2.9578810C 1v 2.949105%%& 10 3.0099343€ 10 3.1419903k 10O
P 3.5421574E-03 3.3389011E-03
UMEGA-CP 1.8243420E b 21952520t L4 T.4191727¢ 13 5.8003658 13 5.6428443E 13 5.6412532F 13

UMEGA-CP/UMEGA-P
LAMHCA-ULP
UPSILON-PCP
UPSTLUN-GLLP
DELLA
LELTAZUMEGA-LP
UMEGA-QP
UMLGA-UP /UMEGA-P
LAMBLCA-Uw?

UPS LLUN-PYP

UPS LLIN-LWP
CELTA-Q
COLTA-U/UMLGA-GP

UMEGA-CP
UMEGA-CP/UMELA-P
LAMBLA-OLP
UPSILUN-PCP

UPS TLUN-GLP
DeLTa
LELTAZUMEGA-CP

3.2336127 ol
1.0324531E-0%
8.710%438: QY
S.2404216F Uy
3.6142537E 1L
1.9¢11381L-04
L.Bc43320E 19
3.233;51278 01
1.0324591E-U%
B.710543BE U7
9.2206216E8 04
J.6142537 11
L.2411381E-04

3.42052160 00
8.7393371c~-06
3.630191%E 09
1.42566108 09
1.0209107 13
4.8760436E-02
2.1252528L 14
3.4209214E 00
d.7393370e-04
3.4301915 09
1.3256610t 09
1.0009107 13
4.A8760636L-02

1.3133913t 00
2.5421841E-03
3.5376154 09
la2494043E 09
3.3311904k 13
4.5035195E~-01
T.4C91727E 13
1.3133913C GO
2.9421841E-03
3.5376154L 09
1.2d94043 09
3.3811904F 13
4.203519450-01

2.9185154E 14
De2719432748 0C
64324131 8c-04
1.42213638 04
L.2302305e Q1
9.2968T45L e
L 7783607:-02

WITHOUT
1.1789061E 14
2.U397947 00
1.5977084t-03
L.B1628BT3E 09
1419291350 09
2.0124399t 13
1.7070909t-01

To4uHT4490E 13
1.3233521L 00
2e5219058E-014
3.9660650F 09
1.1975670L 09
Ba3763996L 12
1.1481173E-01

1.0282052¢ LQ
3.24729408~03
9.2315688E 09
4.9257836F Q8
3.8797083t Q4
6.68R7303E-10
5.800364%8E€ 13
1.0282052E 00
3.2472919€-03
9.2315688t 09
4.9257d36E 08
3.8797UB3E Q4
6.6487303c~10

OMeGA=-CP APPROXIVMATELY EwyaL TO

5.71968748€ 13
1.0275863¢c Q0
3.26432616E-0)
9.2260126t 09
4.7028250E 08
9.2500000€ 03
1.5956874€-10

1.0002820E OC
3.33794106-01
8.9808656E 10
5.0632882E 07
-Q.
~Q0.
5.6428443E 13
1.CC02820E €O
3.2379409€-01
8.9808656E 10
5.0632882E 07
-0.
-Q.

UMLGA-P
5.6412534E 13
1.0000000E 00
3,3388823t-03
8.9783337€ 1C
5.06903228 CO7
a.

Q.

1.0CCCOO0E 0N
3,3288824E-013
8.9783334E 12
S.0647162E 09
~C.
-C.
5.6412532€ 13
1. CCCCQQCE OC
3.3388824E-03
8.9783334k L2
5.0667162E 05
-Ca
-C.

5.6412532€ 13
1.CCCCO00E OO
3.338E824E-C)
8.9783334E 12
5.C647161E 09
Ce

C.

51



52

TABLE V. - Continucd. DISPERSION AND DAMPING IN A THERMAL PLASMA
N-L=10.0€ 20
LAMEDA-1= 1.0000005t-017 E-F-0: 3.6457442E=01  T-t-0= 4,23070U6F 03  OMEGA-P= 1.7835209€ 15  LAMBDA-OP= 1.0558473E-04
T-g= 1.0€ 02
Pot= l.36242286 01  LAMBUA-S= 2.1824264E-04 DELTA-G/DELTA ARL= 6.8123069¢ O)  CELTA-Q/DELTA= 2.8258498€ 27
LAMBUA=W 3.0000000E-09  9.9999999[-0Y  3.0U000LOL-UR  9.9999999€-08  L.CO00000E-06  S.9559999E-C%
3 2.0543950E 09  6.2831853t 08  2.0943951lc O 6.2831852E 07  6.2031852E 06  6.2B31852€ 04
UMELA-(1 6.27849376 19  1.883548lE L9  6.2784937¢ 13  1.8835481E 18  L1.883548LE 17  1.8B35481E 15
EPSILUN 9.9399999E-01  9.9999998E-0L  9.9993952(-01  3.9999909E-01  9.9991030E~01  1.0298906E-01
v-LMP 2.9977600€ 10  2.997T600E 10  2.99776CLE 10 2.9977613¢ 10 2.9978944E 10 9.3611705€ 10
[
UMEGA-CP 5.76904426 16  6.8155079E 16  2.3629d61k 15| 1.834236TE 15  1.7844240€ 15  1.7839209E 15
UMELA-CP /OMEGA-P 3.2339126E Ui 3.8205214E 00  1.3133913c 00| 1.0282052€ 00  1.CO02820€ 0C  1.0CCCO00E 00
LAMBLA-0CP 3.2645224E-06  2.7636211E-05  8.0390222£-05 | 1.0268839E-04  1.05955496E-04  1.0558473E-04
UPS ILON-PLP 2.75451976 O  1.0847218E 07  1.L186935k 07| 2.9192784€ 07  2.8399991€ 08  2.8391983€ 10
UPSTLON-GCP 1.6508623E 06  4.1421082E 06  ©.0064Bus3E U6 ] 1.5576695E 06  1.6011523t 05  1.6C16039E 03
OELTA L.1429274E 13 3.3232T140 L4  1.0692263F 15| 1.2268706€ 06 ~-0. -C.
GELTA/OMEGA-CP 1.9811382E~-04  4.87604360-02  4.5635195E-01 | 6.6887257€-10 -O. -C.
UMEGA-QP 1.8C69208F 21 1.46424C7E 19 1.830293Lk 17| 3.29779%9€ 15  1.7845704€ 15  1.7839209€ 15
UMEGA=0P /UMEGA-P 1.0128929E 06  5.2079915E U3  1.025994%E 02 | 1.8486223E 00  1.0003641E 00  1.0CCOO00E 0O
LAMBDA-GQP 1.0424076E-10  1.2563650C-08  1.0290965£-06 | 5.7115363E-05  1.0554631E~04  1.0558473E-04
UPS ILUN-PQP 8.62741156 11  2.3304115¢ 10  B.739G057€ 0B | 5.24B6053E 07  2.8402320E 08  2.8351983E 1C
UPS ILDN=-GUP 3.4C698196 06  1.13534580 07  3.3686273C 07 | 5.1267734E 07  2.5324126E 05  1.6CL6971E 03
CEL1A-0 1.7014118E 38  1.7014118: 38  L.70L4118E 38 | 3.4669521E 33 -0. -c.
LELTA-G/OMEGA-QP 1.76742826 19  6.4136018E 22  1.6508137¢ 25 | 1.0512937€ 18 -0. -c.
WITHOUT UMEGA-CP APPROXIMATELY EQUAL TC OMEGA-P

UMEGA-CP
UMEGA-CP/UMELA-P
LAMBLA-ULP

UPS ILUN-PCP
UPS1ILON-LLP
DELTA
OELTA/GMLGA-CP

9.4179680E 15
5.2193642¢ 00
1.9999517€E-05
6.4567485c 06
3.89128B8E U6
1.6149998E 14
1.77851%1e-02

3.728513BE 15
2.0900668L 00
5.0517398L-05
5.9341L40E UG
3.7711L325E Oe
6.3593746E L&
1.7056058c-01

2.36093608 15
1.32345330 w0
7.3719119¢-05
1.1272649¢ 07
3.6695128E 06
2.718749RE 14
1.1515%5%9g~0C1

L.8320312E 15
L.0269689E D0
1.0281201L-04
2.9157682E G7
1.4897677E 06
3.0234375E 05
1.6503198€-10

1.7839220E 15
1.0C00006E 0OC
1.0558467E-C4
2.8392000E 08
1.64017010E 05
Ca

0.

1. 7839210E 15
1.0CCCO0O0E 00
1.05584T3E-04
2.8391984E 10
L.6Cl6037E 03
C.

Q.

N-E=10.0t 20

3.64574428-01

6.901431IE-04 DE

3.0902000L-08
2.0443951t 08
6.27B8493TE 18
9.9999992E-01
2.7977601L 10

1-£-0=

LTA-Q/0ELTA ARG=

T+ 3399999€-08
6.28318528 07
1.8835481t 18
$.9999907t-01
2.9377613E 10

4.230TQULE 03

LAMBDA-[= 1.000D00%E-07  E-F-C=
T-t= 1.0€ 03
P-E= 1.30242z8E 02 LAMBDA-S=
LAMBOA-W 9.9999999:-09
X 6.2831853E 08
UMEGA-D 1.8835681E 19
ePSILUN 9.9999998E-01
V-EMP 2.9977600E 10
p
OMEGA-CP 5.2099791E lé

UMEGA-CP/OMEGA-P
LAMBUA-UCH

UPS ILON=PCP

UPS TLUON-GCP
DELTA
UELTA/OMeGA-CP
OMEGA-UP
GMEGA-UP /UMEGA-P
LAMBUA-QQ¥
UPSILUN-PGP
UPS1LON-LUP
DELTA-Q

OeL TA~Q/UMEGA-GP

OMEGA-CP
UMeGA-CP/OMEGA-P
LAMBLA-UCP

UP> ILON=PCP

UPS JLUN-LCP
DeLTA
VELTA/OMEGA-CP

2.9205214E 0}
3.619£7Q00€-06
8.2919393€ 07
5.4E33656E 06
1.3350578c L3
2.5625012¢~-04
1.46A87692¢ 1
8.2333764t 03
1.2823990e-08
2.33760188E 10
L.133596l€ 07
8.9068201E 14
6.0641385-05

T.3745731c 15
4.1339126¢ 00
2.5941115E-05
3.5210993¢ 07
1.2914350¢ 07
2.9139214t 14
3.95130465C~02
1.8806089c L7
1.0541997 02
1.0015629-06
8.9792463 08
3.3240773c Q7
L.3464018Tc 16
1.0337177€-01

2.2870795L 15
1.2820521€E 0O
B.23560359E-0U5
3.6400001E 07
1.2492502€ O7
9.598941LTE 14
4.1970300£-01
3,7506388k 15
2.1024692E 00
5.0219395€-0%
5.9633270€ 07
5.1933751t 07
6.4033210t L6
1.7074214E ©)

9.0CGQUOCOE 15
5.0450668E 00
2.0925313E-US
l.4323345 CT
1.2303435 07
1.7749998E 14
La9722220E~02

WITHUUT OMEGA-CP APPRCAXINMATELY EQUAL TG

3.8574206E 19
2.1623272L VO
4.80292136-05
1.8617827L 07
1.294198LE 07
5.9443746k 14
1.2513928c-01

2.3046843E L5
1.27192u6E 00
B.1726949t-05
l.6680189k 07
6.31472028 06
2.30T1876E 14
1.02712008~-01

OMEGA-P=

6.8123071E 00

3.0000000E-D7
2.0943951k 07
6.2784938E 17
9.9999192E-01
2.99717721€ 10

1.8398274E LS
1.0313391k 00
1.0237635L-04
B.T845267E O7F
5.1764540t 06
1.4961918€ 07
8.1322398E£-09
1.8578960E 15
1.0414677€ 00
L.013BO71E-04
3.8708001E 07
8.4395645E 06
9.9818234E 08
5.37264916-07

1.8359375k 15
1.0221586& 0C
1.0259326£-04
8.7654558E Q7
4.93B6289k Ob
3.84375C0E Ve
2.0936170L-09

1.783920%€ 15

DELVA-U/DELTA=

L.0000000€E-06
6.2831852€ 0¢&
1.8835481E 17
9.9991030E-01
2.9978944E 1C

1,7889524E 15
1.0028205E 00
1.0528777E-04
2.8472062E 0B
1.5970993E 06
~0.
0.
1.7890988E 15
1.0029025%€ OC
1.0527916E-04
2.8474392c 08
1.6898720€ 06
-0.
-G.

OMEGA-P
1.7872217€ 1S
1.0018503E o0
1.05389736-04
2.8444518E 08
1.5937515% 0¢
Q.

Q.

LAMBDA-OP= 1.05584T3E-04

6.6714866E Ol

9.9559999€-05
6. 2B31852E 04
1.88354B1€ 15
1.C298906E-01
5.3411705€ 1O

1.7835214E 15
1.0CCCO03E 00
1.055B8471E~C4
2.8351990€ 10
1.6C16035E 04
-0,
-C.
1. TE35214E 15
1.CCC0003t GO
1.0558470E~04
2.831G1990E 10
1.6C16128E 04
-0.
~-C.

1.7839210E 15
1. CCCODOOE OC
L.0558473E-0%
2.83519384E 1C
L.6C1l&037E 0%
C.

C.

U
o




TARLE V

- Continued.

DISPERSI{N AND DAMPING IN A THERMAL PLASKA

Torslusde 20
LaMEDA- = 1.0u00005¢-07
T-u= 1.0 e

P-lz 1. 3624223E 03

LAMBUA-W
3
UMEGA=D)
LPS TLUN
V-tMp

P
UMLGa-CP

Lt uA=CP/UME GA-P
LAMBUDA-LP
UPSTLUN=-PCR
UBSTLUN-GLP
DLLTFA
UCLTAZUMEGA-CP
UMcGA-UP
UMLGA-GP/UMEGA-P
LAMBOA-0QP
UPSILUN-PUP
UPSTLUN-GLP
LGULTA-Q
LiLTa-L/umeGa-yp

OMEGA-CP
LYEGA-CP/UMEGA-P
L AMBOA-UCP
UPSTLUN-PLP

UPS TLUN-GCH

L-F-0=

LAMBUA=S=

3.0C0UUCOE-C8
2.0443951k UB
6.2784937 Ly
9.99994392E-Ci
2.99716U1E 10

Z41B262441L-0Y8

3.6457442E-01

Ct

3.99999499E-08
6.28318%2k 07
L.Ba354481€ 18
9.9999909[-01
2.99771613E 10

T-£=2= 4.2307006L

LTA-Q/LELTA ARG=

3.0060UJ00E-07
2.0743951t 07
6.2784938¢L 17
FeFIIIYLYZE-CL
2.3977721€ 10

5.7690%42E lo
3.2335126€ O}
3.2649224E-006
247549198 U8
L.65036423 0F
la1429276x 13
L.9B11342¢-04
2.3837676E 17
1.336251BE 02
7.9015594E-07
1.1381652c 09
2.98201466E GF
1.233460220 13
9.17417136-05

6.8155079t 15
3.8205214c 00
2.7636211€£-05
1.0847218c 0d
4.1921082t 07
3.3232714c 14
4,8760436£-02
B8.27190672¢ 15
4,6409385t 03
2.2750729¢-05
1.3176545E 08
5.4586687¢ 07
3.58634346L 14
4.3318206E-02

2.3424860t 15
1.3133913¢ GO
8.039G326E-05
L.1186934¢t 08
4.004E053L U7
1.0092262E 15
4.5635193E-01
2.3610547E 15
1.3235199c 00
1.9775709E-05
1.1273206k 08
4.2944313F 07
1.1538667C 15
4,887CH1BE-OL

OMEGA-P =

<3

6, 8123070E-01

1.0000000t-006
5.2831852€ 06
1.843548tc 17
7. 3391030E-01
2.391B944E 10

1.3342367¢ 15
1.0282052E 00
1.0268837L-04
2.9192784k 08
1.95T6695c 07
1.2268706E 06
5.,6887257:-10
1.8343831€ 1S
1.0282872€ 00
1.0268019E-04
2.9195113€ 04
1.5666063E C7
143239904 C6

9.4173642E 15
9.271936428 00
1.9993517k-05
G.4961686E 07
3.891¢887 07

7.2176331e-10

1.7839209¢ 15

CELTA-Q/DELTA=

3.9599999E-05
6.2831852€ 04
1.8835481t 15
1.€298906t~01
9.3411705€ 1C

1.7839259€ LS
1.000002BE CC
1.0558444E-04
2.8352062€ 1IC
1.6G159794E 05
-GC.
~0.
1.7839259E 15
1.0000028E GC
1.0558444E-04
2.8392062k 10
L.6016003E CS
~0.
-0.

W[ THCUT OMEGA-CP APPKCXIMATELY EQUAL TO OMLGA-P

3.7265138E 15
2.0300668E 00
S.0917398L-05
549341140C 07
4.0184941F 07

2.3609360E 15
1.3234%33k 0O
1.97737196-05
L.1272649E 0OR
2.1804944t Q7

1.8320312¢ 15
L.0269689t GO
1.0281201£-04
2.9157682C 08
L.4897676t 07

1.7839220€ 15
1.0C00006€ 0C
1.C5584&67E~-C4
2.8392000€ 1IC
L.6016019E 05

LAMBDA-CP= 1.0558473L-04

1.C731€CsE CC

5+ 9599999€E-03
6.2€31852¢ 02
L.8835481€ 13

1.0559C62E-0¢4
1. 7B39209¢€ 15
L.CCCCOCOE 0C
1.0558473E-Q%
2.83391982E 12
1.6C16039E 013

~C.

-C.
1. TE3G209¢ 15
1. CCCCOOQE CC
1.0558473E-04
2,8351982E 12
1.6C16039E 03

-0.

-C.

1.7839210€ 15
1.0CC0000€E CC
1.0958473E~04
2.83919864€ 12
1.6C16037E C3

DLLTA 1.6743998L 14 6.3593746E 14 2.71817498t 1% 31.0234375¢t C5 0. C.
LeLTA/UMEGLA-LP 1.7785151€E-02 1.7056058:-01 La151555%E-01 1.6503198E-10 g. C.
i-e=10.00 ¢U
LAMuLA-I= 1.0000005€-07 E-F-0= 3.66457442E-01 T-E-0= 4,2307006L C3 OMLGA-P= 1.7839209€ 1% LAMBDA-(0F = 1.0558673L~04
T-U= 1.CE U>
P-€= 1.3624228t U6 LAMBUA-S= 6.9014319E-08 DELTA-Q/LELTA ARL= 6.8123070L-02 GELTA-Q/DELTA= L.CCOT733E 00
LA4BOA-W 9.9939999c-0C8 3.0000000€-07 1.0000C00E-06 3.00000008-006 9.9999999E~-05 9. 9699999E-013
K 6.2831852E Q7 2.0443991E 07 6.2831852E 06 2.0943951¢ 06 6.2831852E 04 £.28318528 02
UdeLa-0 1.883>481C 1¥ 6.2784938L 17 1.8835481F 17 6.2784Y938t 16 1.88135481€ 15 1.8835481€ 13
LPSILON 9.92933909£-01 a9 1720-01 9.3991030€-01 F.99192688-01 1.0298906€-01
V-t Mp 2.9571613 10 2.33177¢1t 10 2.37784%44E 10 2.9989707¢ 10 9.3411705€ 1Q
4 L. 0559C62E-04
UMeGa-LP 5.2099789C lo T.3745729E 15 2.28702956 15 1.8398274E 1> 1.7839712e 15 1. 78379209E 14

HMLGA=TP/ UML GA-P
LAMBCA-UCY

UPS LLUN-PLP
UPSTLUN-LLPY
CLLTA

LvEL TAZUME GA-LP
LML GA-Wh
NOGA-LP L UMEGA-P
LAMhLA- LGP
UESTLUN-PLP
GeSTuah-Lee
orLla-4
LteTa-QZumetsh-ub

dMeLA-CP
SPLLA-LP /LM LA -
CAMBIA-UILY

LR TLN-PLP

UMS TL U= Wlk
Liera
LELTA/ ML Ga-CP

2.9205213E G
3.6152701t~66
B.29159390E 04
5.4d39658€ 07
1.3350578E 13
2.5825016c-04
5.3363348E lo
3.0L25630€ Ul
3.5164803€E-00
B.9264717c 08
5.6444342E G7
1.33649C2€ 13
2.4 44941 13E-0%

4.13391260 00
2.5541115€~-05
3.5210922€ 08
1.72914350L 08
2.9139214C L4
3.3513087E-02
7.3926415c 15
4.144041LL OO0
2.547B688k-09
3.49297204E 08
1.7966059L 08
2.9161748E L4
3.9646943E-U2

1.2820521t LO
A.2356039E-05
3.6400002€ UA
1.24925028 08
Ye5989612F 14
4.1270298E-01
2.2872259€ 15
L.2821342E 0D
B8.239076H8E£-05
3.6402331€ OB
L. 2496969E 08
7.6063641E 14
4.2000D67E-01

L.03133%1t 00
1.0237635%E~-04
B.7845289E 08
5.1764540E 07
1.4961918E 07
8.1322398E-09
1.8398292¢ 19
1.0313401€ 00
1.0237625c~04
d.7845373E 08
5.1767Tu36E 07
L.4973488E 07
H.1385207€-09

9.03000GC0C 15
5.U490608E LU
4052831 3c-us
1.413123345 LY
1.73C4835¢8 (B
1. 77439980 14
1a972/220~Uu2

WwlTHOUT OMEGA-CP APPROXIMATELY EULAL

3.85742068 15
2.1823272¢ 00
4.AH292130-15
1.8417827¢ 08
1.2646849c 04
. 1843746t L4
1.5513928L-01

2.3U46B43E 15
129213206k GO
Bl 1269490-0%
3.6680189E U
6.71472608 UT
2436710740 14
1.02712C0€-01

1.8359375L 15
1.0291586E GO
1.0259326E-04
8.765955TL 08
4.738628%E OF
3.84375C0E Q6
2.0936170E-09

1.0000282¢ 00
1.0458176€E-04
2.8392183€ 10
1.6015587€ 0¢
-0.
-G.
1.7839712€ 15
1.C000282€ OC
1.0558176k-0C4
2.813921813 1C
1.6015588E Q&
-C.
-0.

I GMeGA-P

1.7839220E 15
1.C000Q006E OC
1.0558467€~C4
2.8332000E 10
1.6016109: 0¢é
C.

0.

1.CCCCOCOE 00
1.0558473€~-04
2.8391982€ 12
L.6CL6039E 04
-C.
~0.
L. 7839209E 15
L.CCCCCOOE GO
1.0558473E-0%
2.8351982€ 12
L.6C1l6039E 04
-C.
-C.

1.7839210€ 1%
1. CCCCOQOE CC
1.0558473E-04
2.8391984F 12
1.6C16036E 0%
C.

C.

35

53



TABLE V. Continued. DISPERSION AND DAMPING IN A THERMAL PLASMA
N-(=210.,0¢c 20
LAMBDA-1= 1.0000005-G7 E-F-0= 3.065T4tZE-01L T-£-0= 4.7307006E 03 CMEGA-P= 1.7839209E 15 LAMBDA-DP= 1.U5584T73E-04
T-E= 1.0t G6
P-E= 143624227E 05 LAMBDA=S= Z.1b24244E-07F DELTA-Q/DELTA ARGL= 6.8123070E~-03 OELTA-Q/DELTA= 1.CCO0CBIE 00

LAMBUA-wW

K

OMELA-O

EPSILON

v-{MP

P

OMEGA-LP
UMEGA=CP/OMEGA-P
LAMBOA-UCP
UPSILON=-PLP

UPS TLON-LCP
DELTA
UELTA/OMEGA-CP
UM{GA-UP
LMEGA-WP/UMEGA-P
LAMBOA-UGY

UPS ILUN-PUP
UPSTLON=-GUP
CELTA~W

UEL TA=U/USEGA-WP

UMEGA-C¥
CMEGA-CP/UMEGA-P
LAMBEA-ULP
UPSILON-PLP
UPSILUN-GLP

3.0uCO0U0E-U?
2.0943951c C7
6.2784938E 17
9.939+192€-01
2.9977721t 10U

1.0000000¢:-06
6.28318520 Cu
L.B8354ylt 17
9.991030-01
2.9778964t 10

3.0U000C0F -06
2.0943951C L6
6.2784738E 16
9.9919268E-01
2.9989707¢ 10

5. 769C442c 16
3,22339L20E 01
3.2€6492£4E-006
Z+T1545157€ 09
1.6508423E 08
La1429274E 13
1.9811362E-0%
5. 770851LE leé
3.22492%4€ Gl
3.,26390C0€-00
2.754937650 09
1.6513921t 08
1.1429369 13
1.98053446-04

6.415%0/8L 15
3.8205213k 00
2.7636212E-05
1.0847218E 0§
4019210828 o8
3.323271% 14
4.B76043BE-02
6, 8156540 1S
3,82G66033 00
2.7635618£-05
L.04474508 09
4.1922621: U8
3.3232991€ L4
4.87597398e-02

2.3429860C 15
1.3133913%¢ 00
8.0390924€E-05
1.1186934t 09
4.0648052t UB
1.0692262E 15
4.5639193E-01
2.3429479c 1D
1.3133923¢ 00
B.0330860E-05
l.118649¢3E U9
4.0048203E UB
1.0692321E 15
4.50352388~0])

9.4179682¢ 15
5.27913642E UD
1.999451TE-05
4.4967486C UB
3.89128B6E U8

wITHUOUT UMEGA-CP APPRUXIMATILY ECUAL TO

3.7¢85138E 1S
2.09006068L OU
5.09173748(-09
5.93411408 08
4.03R84940 08

2.36093608 15
1.3234933¢c 00
T.9119719€-05
1.1272639& 09
2.1004945E 08

1.0000000E~05
6.2831852¢ 0S
1.8835481k 1&
9.9102988E-01
3.0112962 10

1.8362367 15
1.0282052¢ 00
1.0268839E-04
2.9192784€ 09
1.5576695E 08
1.22680698t 06
6.68HT2LLE-10
1.B3423670 1>
1.0282052€ 00
1.0268837E-04
2.9192784E 09
1.5576704t 08
1.226B8800E 06
6.68877LAE-10

1.8320312¢ 15
1.0269689: 00
1.0281201€E-04
2.91576828 09
L.48976TTt 08

9.3999999E-05
6.2831852E 04
1.883548B1E 15
1.02989068-01
9.3411705t L0

1.7H44240€ 15
1.0002820E QO
1.0555496E-04
2.8399990€E 10
1.6011523€ 07
-0.
~0.
1. 7844240 15
1.0002820£ oC
1.0955496€E-04
248399990 10
1.6011523€ €7
~0.
~0a

OMEGA-P
1.7839220¢ 15
1.0000006E GO
L.CS58467€~04
2.8392000¢ 1C
1.6017011€ C7

$.589$9999€E-03
€.2831852E 02
1.8835481€ 13

1. 0559062 -04
1. 783S209E 15
1.0CCCOCOE OC
1.0558473€E-04
2.83G1983E 12
1.6C1l&¢038E C5

-0

-C.
L.TE39209E 15
1.0CCCO00E ©0
1. 05584 73E-04
2.8391983F 12
L.6Cl6038E 05

-C.

-C.

1.7€35210E 15
1. 0CCCOO0OE 0O
L.0558473E-04
2.8351984E 12
1.6C16036E 0S

DeLTA 1.6749998E 14 6.34593746L L4 2.T187498E 14 3.023437SE 0% 0. C.
GELTAZUMEGA-CP 1.7785151L-02 1.7056058:-01 1.1515999E-01 L.6503198E-10 C. C.
N-r={u.08 20
LAMBOA-1= 1.0000Q05(-u/ t~F-0= 3.04574420-01 T-L-0= 4,2307006E 03 OMECA-Ps 1.7839209E 15 LAMBDA-CP2 1.0558473E-04
T-kx 1.0t 07
P-E= L.3024221€ Ob LAMBLUA-S= 6.9014319E-07 OELTA~-U/LCLTA ARG= 6.B123070c-04 OELTA-C/DELTA= L.0QCOOCCCE 00

LAMBDA=-®
«

UMEGA-O

£PSILON

v-CMP

e

UMLGA-CP
UMCGA-CP/UNEGA-P
LaMBLA-UICP

UPS TLUN-PCP

UPS LLUN-LLP
CCLTA
UELTAZUMEGA-CP
OMLGA-GP
UMEGA-UP/ UMEGA-P
LAMBLA-OLP

UPS LLON=PGP

UPS TLUN-LUP
CELTA-Q
LeLTA-Q/UMEGA-QP

UMEGA-CP
LMEGA-CP/ UMEGA-P
LAMBOA-UCP
UPSTLUN=-PCP
UPSTLON-GLP
CeLtA
CELTAZQMEGA-CP

1.0C00C0U0E- V6
6.72d31852€ 06
1.8435481E 17
9.7491L030E-01
2.991789%44c 10

3.0000000€~06
2.0943951t U6
6.2784938L 16
3.9919268£-01
2.94B9707¢ 10

1.0000000E~0%
b.2831422E 05
1.8835481€ 16
4.31029H8t-01
3.0112962E 10

5. 2099TYLE L6
2.92052148 Ul
3.6152TC0E~ 00
B.2919393c 0%
5. 4d15658E Us
1.3350578c 13
2496220120~ 04
5.2099937c |6
2.9205296k Gl
3.615299BE-ub
8.2913625E U3
5.4833823%k U3
L. 3350577 13
2.5624960E-04

T.3745731c LS
4.1339126E CO
2.9241115€-05
3.52109%3k 09
1.2714351c 09
2.9139214t L4
3.951308%E-02
T.3745747¢ 15
4.1339136E 20
2.22641108£-09
3.5211001l€ 09
1.2914356k 09
2.9139213k L4
3,9513076£~02

2.2810795E LS
L.2820521E Q0
B.23%6039E-05
3.6400002¢ 09
1.2492%402c 03
3.5989417E 14
4.19703C0E-CL
2.2470735E LS
L.2820921¢ Ul
8.23560381-0Y
3.6400002E 09
1.2492501€ 09
9.593894 148 L4
4.19703006-01

9.0C000C0L 13
5.0430664F CuU
2.092E313e-05
L.4323945c O
1.23G3835k 0+
1.7749798c L6
1.4124220e-02

w] THOUT OMEGA-Cv APPROXIMATELY tUAL TD

J.B574206E 15
2.1623272c 00
4.8829213kE-05
1.8417827€ 02
L.2646839€ 09
9.9843746E 14
1.5%13928-01

2.3046443E 15
1.2419206k GO
8.11726943L-03
3.66801490 09
643147265 08
2.36TL874t 14
1.02712C0E-0L

3.0000000E-0%
2.09434951t 0%
6.2784938E 15
9.1926901E-CL
3. 1266232 1C

L.8339H2T74C 15
L.0313391c 0O
1.0247635C-0%
4.7845287¢ 03
5.1764542t CH
1.4961931t 07
8.13224716-09
1.8498274c 1>
L.031339lc 0O
1.0237635:-04
3.7845287 09
S.1764542€ 08
1.4961931c 07
B.13226471:-09

1,6359375€ 15
1.0291586% 00
1.0253326:-04
8.7659557E C9
4.9386290t 08
3.8637500L U6
2+079361170E-09

G.+9999999E-05
6.2831852E 04
1.8835681E 15
1.0298906E-01
9.3511705€ 1IC

1.7883524k LS
1.C028208E 0C
1.0528717c~04
2.8472062¢ 10
L.S59T0993E 048
~0.
-0.
L. 7T889524E 15
1.002820%€ OC
L.0528777€-04
2.84720626 1Q
1.5970993C 04
-0.
=0.

OMEGA-P
L.7872217 15
L.001R503E 00
L.0938973E~-04
2.8446517 10
1.5937515€ 08
0.

Q.

6. 959994%9E€-03
6.2831852¢ 02
1.BE35481E 13

1.0559062€-04
1. 783G214E 15
1.CCCU003E 0O
L. 05544 71E~ 0%
2.8351990t 12
1.6C16035E 06

~Ca

=C.
L.T839214E 15
L.CCCCOO3E 0C
L. 0SSE4TOE-04
2.8391990E 12
1.6CL6CISE 06

-C.

-C.

1.TE3I3210E 15
t.CCCOGGOE OC
1.C558473L-04
2.8391984EF 12
1.6C16034E Ob
C.

C.

(R




. - Continued.

DISPERSTON AND DAMPING IN A THERMAL PLASMA

3,069 T644E O}

9014319E-1L0

3.0000000E-0Y
2.0943920E 09
6.2TB4937¢ L9
7.9799918E-01
2.997T7612€6 1O

T-g-n=

DELTA-U/DELTA ARo=

T IIFIIYIE -0
6.2831453E 08
L.8335641t 19
9.9999102k-0UL
2.99777340L 10

4.2307007F CS

UMEGA-P=

2.15424061 Ot

3.CLOUCCOE-08
2.0943951C 08
6.2784937%: 14
F.9971926E-01
2.9978810E 10

TABLE V

Net= LLUE 24
LAMBDA-1= 1.0000004:-0R E-F-0=

T-r= 1.0C 04
P-b= 1.36264227t 06 LAMBUA-S= 4.
LAMBOA-w 9.9599998E-10
K 6.24831852¢ 09
UMt GA~-0 1.8d35481E 20
LPSILUN D.94999989t-01
v-EMp 2.949771601€ LU

4

OMEGA-CP 1.64754C0E 18
UMEGA-CP/UMELA-P 2.9205213t ol
LAMBCA-uCP 1.1432488e-07
UPSILON-PCP 2.6221406C 08
UPSTLON-GCP 1.7341823 07
DELTA 4.2218235¢ 1%
DELTA/UMEGA-CP 2.9625016E-0%
OMEGA-QP 4,6298277¢ 21
UMEGA-UP/DMELA-P 8.2070907c 04
LAMBOA-UQP 4.06B2899:-11
UPS ILON-PQP 7.368599%6C 11
UPSLLON-GEP 3.9906726E 07
DELIA-Q 2.2229205€ 22
LELTA-Q/OMEGA- P 4.8013030c 00

UMEGA-CP
UMEGA-CP/OMELA-P
LAMBRA-UCP
UPSILUN-PCP
UPSILON-GCP

2.3320648t 17
4.1333126E Q0
8.0768095[-07
1.11346494E U8
4.083A8762t 07
F.2146283k 15
3.9513085:-02
5.74712330 19
1.0169945t Q3
3.2830880L-09
2.7392746k 1C
L.0746806: 08
4.8517866E 23
H.4568281t U3

T.2323806E 16
L.28205¢2tE 00
2.6043286£-06
1.1510091t 048
3.9%047618 OT
3.0354519c 16
4.1370300E-01
5.3%214184E 17
D 6H6222TE 0O
3.519717%E-0G7
H.,9170468E 08
3,1293591E G8
L.59829920 24
2.9866006E 06

5.8180450t 16
1.03131391¢ 00
3.2374245E-006
2.7717T3119E 083
1.636938%€ 07
4.71137138EL 08
B.1322398E-09
6.3494253k &
1.1326452 00
2.9473147E-06
3.0207259F 08
1.112%303E 08
2.4912145E 16
3.8989650L-01

2.8460936€ 17
5.04514428 GO
6.618C118E~07
4,5296987€ 07
3.8G6C6926: Q7

wl THOUT OMEGA-CP APPRCX[MATELY EQUAL T

1.219530%: 17
2.1618044t 0O
1.5644858L-06
5.8228310e 07
4.0008872¢ 37

T.284994BE 16
1.2913797€ 00
2.5855197€~06
L.1594437¢ 08
2.1876812€ Q7

5.8124999¢ 16
1.0303561t U0
3.24049130E-06
2.7152643E 04
L.55664710t 07

5.6412531€ 16

CELTA-Q/DELTA=

1.C0000Q0E~06
6.2831852F Q¢
1.88354BLE 17
9.1029890c-01
3.1419903E 10

5.6414121E 16
1.0000282E 00
3.3387RB4E-06
8.9785863E 09
9.0645734E 0%
0.
-0.
5.6414126€ 16
1.0000283 0C
3.3387R81€-06
B.9785369€ 09
5.0940361E CS
-0.
-0.

C OMEGA-P
5.6412532C 16
1.0CNO00CE QO
3.3388824L-06
8.9783334E 09
5.0647474E 05

LAMBDA-OR= 3.3388R25€-06

5.2653C91E 07

9.9599999€-09
6.2E31852E 04
1.8835481€ L3

3.3407451E~06
5.86412531E 16
1.0CCCOCOE 00
3.318882%E-06
8.9783332¢ 11
5.0¢471628 03

-C.

=-C.
5.6612531E 16
1. CCCOOO0E 00
3.233088824E-06
B.9783332E 11
5.C&47191€ 03

-0.

-C.

S5.6412532E 16
L. 0CCOGQ0E OC
3.3388824E-08
8.9783334E 11
S5.CE47159E 03

DELTA 5.60937460 1o 1.5706248¢ 16 7.5124997 1S 1.14H6375¢€ 08 Q. C.
LELTA/UMEGA-CP 1.91C9030E~-02 1.5%028R86E-01 1.0312:R58~-Ul 12794065t -0 Q. c.
N-t= L.0F 24
LAMBCA~1= 1.C000004c~08 E-F-0U= 3.0457444E 01 T-E-0= 4.23G?007€ G5 OMEGA-P= 5,6412531E 16 LAMADA-OP= 3,3388825£-06
T-L= 1.0k 09
P-E= 1.3624228t 07 LAMBUA-S= 2,18264244F-09 CELTA-Q/DELFA ARG= 2.1542406E QU CELTA-C/DELTA= L.9740545E QC
LAMBOA-w 3.000Q0000E-0Y Y.3993999c~09 3.00000C0E-04 9.99979999E-G8 1.0000000€E-06 3. 85G5959E-05
K 2.0943950C 09 6.2931853E 08 2.0943991k 08 6.2831852 07 6.2831852E 0¢& €.2831852k 04
f1MeGA-U 6.27864937 19 1.4835481E L9 6.2784937c 18 1.8835441¢t 18 1.8835481€ 17 1. 8€835481F 15
EPSILUN 9.9999918E-01 9.7499102L-01 .3991926E-01L 9.9910299E-01 9.1C29890€-C1
V-EMP 2.9377612E 10 2.9971734L 10 2+9978010E 10 2.94%91054E 10 3.1419903E 1C
P 3.3407451€-06
UMEGA-CP 1.8243319E 18 2,1552528: 17 7.4091726E 16 5.8003657€ 16 5.66284420 16 5.6412532E 16

UMEGA-CP/UMLLA-P
CAMBUA-QCP
UPSTLON-PCP
UPSLLON-GCP
DELTA
UELTA/UMEGA-CP
UMEGA-QP
UMEGA-YP/UMEGA=-P
LAMBUA-OQP
UPSTLAN-PUP

UPS TLUN-GUP
ULLTA-CQ
CELTA-L/OMEGA-QP

UMEGA-(P
GMeGA-CP/OMELA-P
LAMBLA-UCP

UPS [LON=PLP

UP 5 iLUN-GLP
DlLTA
UELTA/UMEGA-CP

3.2239126E Q1
1.0324591&~-07
B. 7105435 08
5.2204217t Q7
3.6142538k 14
1.9811382€-04
5.8962399E 1
1.0451997¢ 03
3.1944924c-09
2.81524%3E 10
1.0&02169¢ 03
7.1348786E 14
1.2100735€-C>

3.320>214r 00
8.7393372e-07
3.4301914L 08
1.3256610t 08
1.0509107¢ L6
4.87604366-02
&.7834333C 17
1.20246%920 01
2., T1766885£-07
1.07961690L 09
287147110 U8
2.0745970C 16
3.05832A9E-02

13133513k 00
2.5421842E-06
3.5376194 08
1.28%4043k 08
3.3H11904E 16
4.56351495e-01
7.9805528€ 16
L.4l46!t3c OO
2.3601725c-06
3.B1043143¢ 04
1.9647353¢€ v8
6.6747592C 16
d.3638182¢-01

2-9785153€ 17
5.2198R23C 00
6.3237/80e-07
1.4221363E Us
1.2302840E U3
5.296ET46L 1>
L.7183607£-02

1.02B20%2k 00
3,264129208-06
9.2315688t 08
4.73257836¢ 07
3.87970%6 Q7
6.6887257¢L-10
5. 8049939 Lo
1.02902%6E 00
3.2447030t-006
9.2389349E Ub
5.2081046L 07
7.654305%6¢L 07
1.31936506-09

#1THOUT CMEGA-CP APPROXIMATELY EQUAL T

1.17900000 17
2.0899611c Q0
L.5775811L-06
1.d76436He ud
1.27727640 08
2,01300u0L L6
L.7073721E-01}

T.4699999F 16
l.3241138c 0O
2.5¢16815e-00
1.5066623 CH
6.88906720 Q7
A.5699397€ 15
1.14725576-01

S.BUDULCOL 16
1.0281403c 00
3.2474306RL-06
?.2309868L C8
4.69%45286 07
B.9999999E U6
1.9517241e-10

1.0002820¢ 0C
3.23379411E-0¢
8.9808655E C9
$.06328828 06
~-C.
-0.
5.6428446E 16
1.0002821¢ CC
3.3379408E~C6
8.9808661k 09
5.C662333E C6
-C.
0.

§ CMEGA-P
5.,6412532E 16
1,00G0000e CC
3.338u824E~06
K,9783334k Q9
5.C¢50328E 06
C.

C.

1.CCCCCU0E OC
3. 3383824E-06
8.9783332E LL
5.C647162E Q4
-C.
-C.
5. 6412532€ L6
1.CCCCOCOE OC
3.3386824E-06
8.9783332€ 11
5.0647165L 04
-C.
-C.

5.6412532¢ 16
L.CCCCOQDE GC
3.3388424L-06
B.9783334E 11
S.Ce4t162€ Q4
C.

0.

&l
~1
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TABLE V. - Concluded. DISPERSION AND DAMPING IN A THERMAL PLASMA

N-t= l.UF 24
LAMBDA-§= 1.0000004L-U8 E-F-0U= 3,64576444E OL T-£-0= 4.2307007€ 05 COMEGA~P= 5,64125931E 16 LAMBOA-CP= 3.3388B25E-06

T-k= l.Ui G
P-E= l.3b624229¢ 08 LAMBOA=-S= 6.9014319E-09 DELTA-U/DELIA ARG= 2.1542406E-01 CELTA-Q/DELTAS 1.CCT7525¢ 00

LAHMBDA-W 9.9999999E-04 3.0000060C~-08 9.3999939E-04 3,0000000¢-07 1.C000000E-06 9.9599999E-05 o
K 6.28318%3 CH 2.0943951t 08 6.2831852E 07 2.0943951€ 07 6.2831852€ 06 £.2€31852E 04
UMELA-U 1.8835481lE 19 L.218493TE 18 1.8835481€ 18 6,2784938E L7 1.8835481E 17 1.8835481E 1S
ePSILON 9.3999L026-CL F.9991926L-01 9.9910299E-01 9.91926490€-01 9,1029890£-01
V-LMP 2.9977734E 10O 2.9978810¢ 10 7.99910%4E 10 3.0099343 10 3.1419903k 1C
4 3,3407451E-06
OMEGA-CP 1.6475400E 18 2.3320448E L7 T7.2323HUGE 16 5.81B0450€ 16 $.6571643 16 5.6412546E 16
UMEGA-CP/DMEGA-P 2.9205214E Gl 4,1339126E 0O L.2820921t 00 1.0313391t 00 1.0028205E 00 1.0CCCO0IE GO
LAMBUA-DCP 1.14324H88E-07 8.0768095¢-07 2.6043266E-06 3.2374245€6-06 3.3294916€E-06 3.33888Ll6E-06
UPSILON-PCP 2.6221414 09 1.1134693 09 L.1510691€ U9 2.7779119¢ 09 9.0036566€ 09 8.9783356E 11
UPS fLUN=UCP 1.7341822€ 08 4.0838762¢ 08 3.9504761k 0B 1.6369385t 08 5.0504713E 07 5.0647148E 05
DELTA 4.2213233E i4 Y.2146283c 15 3.0354519€ L6 4.7313738€ 08 -0. ~C.
DELTA/UMEGA-CP 2.5625012E-04 3.9513085C-02 4.19703G0E-01 8.1322398t-09 -0. -C.
UMEGA-UP 2.1103381E 18 2.3891828t 17 7.2370047E 16 5.8181021t 16 5.6571647€ 16 5.6412546E 186
OMEGA-ULP/ UMEGA-P 3.74033858 Cl 4.2351987: 00 1.2828725L Q0 1.0313492€ GO 1.0028206€ OC 1.0CCCO03E 0O
LAMBUA-UQP B.9252536E-08 7.8836502E-07 2.602661LE-06 3.2373327¢E-06 3.3294914E~06 3.3388816¢E-08
UPS [LON-PUP 3.3587392E 09 1.1407508E 09 1.1518057¢ 09 2.7779391t 09 $.C036572E Q9 B.9783356E€ 11
UPSILUN-GUP 2.1414T70CE 08 4.2438725c 08 3.9709168E 08 1.6379805¢ 0d 5.0507647E O7 5.064714BE 0S5
DLLTA-Q 4.2545531E 14 9.2860650t 15 1.0589842€ 16 4.7680939E 08 -0. -C.
CELTA-G/OMEGA-WP 2.0160337E-04 3.8867119E-02 4.2268628€-01 R.1952049E-09 -0. -0.
wITHOUT OMEGA=-CP APPHUXIMATELY EQUAL TO OMEGA-P
uUMEGA-CP 2.8460933E 17 1,2200191k L7 T.2839996€ 16 548099999t 16 5.6612539E L6 5.6412532€ 16
UMEGA-CP/UMEGA-V 5.0451437E CO 2.1626738E 00 1.2912024E 00 1.0299130¢ 0C 1.C035454€ 0O 1.0CCCO00E 00
LAMBLA-OCP 6.618012%E-07 L.543467B[-06 2.5458706k-06 3.2419073E-06 3.327086%€-06& 3.3388824E-08
UPSLLON=-BCP 4.529098lc 08 9.8251620E 08 1.1392846¢€ 09 2.7740707¢ U9 9.0101653E 09 8.9T783334E 11
UPSTLON-LCP 3.89C6936E 08 3.9979295t 08 2.18815008 08 L.55841508 0B 5.0144732E 07 5.0647164E 05
DELTA 5,6C93T46k L9 1.890624BE 16 75149999t 1S L.17300C0E OH Q. Ce
DEL TA/UMEGA-CP 1.9709032E~02 1.9496682E-01 1.03L7133E-01 2.0189328t-09 0. 0.
N-i= ll0C

24
LAMBDA-1= 1.00C0004E-08 E-F-0= 3.6457444E 01 T-£-0= 4,2307007¢ 05 OMELA-P= 5.6412531E 16 LAMBDA-OP= 3,3388R25E-06

T-k= .0t 07
P-L=z 1.3624228E 09 LAMBDA=-S3 2.1826244E-038 DELTA-Q/UELTA ARL= 2.14942406E-02 DELTA-Q/DELTA= 1.0C0077CE 00

LAMBDA-W 3.00C0000E~08 9.9999999E-08 3.0000000E-07 1.0000000E-06 9,9999999E-05 9.9999999€-02
K 2.0943951E 08 6.2831852¢ 07 2.094395Lk 07 6.2831852Et 006 6.2831B52€ 04 6.20831852€ 02
OMEGA-D 6.,2184937E 18 1.48354d1t 18 6.2786938E 17 1.4835481E 17 1.883548LE 15 1.0835681€ 13
£PSILON 9.7991926E~-01 9.9910299t-01 9.9192690t-01 9.1029890E-01
V-tMP 2.9976810E 10 2.9991054€ 10 3.0099343E 10 3.1419903E 1C
v 3.3407451€E-06 3.3138B826E-06
UMEGA-CP L.8243319E 18 2.1552%28t 17 7.409172%€ 16 5.8003657k L& 5.6412690E 16 5.6412531€ 16
CMEGA-LP/UMEGA-F 3.2339126E 01 3.8205214k 00 1.3133913E 00 1.0282052€ 00 1.0000028E 0O 1.0CCCQOO0E GC
LAMBLA-UCP 1.0324%91E-07 8.7393372e-07 2.5421842€-06 3.2672920€-06 3.33868731€E-06 3.3388825€-06
LPSILON-PCR 8.710>634C 09 3.4301914€ 09 3.5376193E 09 9.2315688€ 039 B.97B3584E 11 B.37RIIILE 13
UHFSTLUN-GCP 5.2204217c Ot 1.3256610E 09 1.2854043€ 09 4.92570826c 08 5.0647020€ 06 S.0t47162€ 04
DeLia 3.6142538E 14 1.0509107E 16 3.3811902€E 16 3.8797056t 07 -0. -C.
L TAZUMELA-CP 1.9811342E-06 4.8760436E-02 4.5635193&-01 6.6887257e~10 -0. =0
UMLGA-QP 1.8300427€ 14 24.1557156E 17 T.4092£95k 16 5,0003662€ L6 5.6412690E 16 5.6412531E 16
LMEBA-CPFUMELA-Y 3.24404128 0L 3.42134)8c 00 1.3134014L 00 1.02820%3E 00 1.0000028E 00 1.0CCCCC0E 0C
LAMBCA-DYP 1.028235%€-07 8.73T4609E-07 2.5421646E-06 3.2672917€-06 3.3388731E-Cé 3.3368824E-00
UPS ILUN-PuP B.T7378248E U9 3.4309240C 09 3.5376465E 09 9.2315695k 09 8.9783584E 1) 8.9783331€ 13
UPSILJN-LEP 5.2377611t 08 1.32614748 09 L.2854775€ 09 4.9258118E 08 5.C647020¢€ 06 5.C64T162E 04
LELTA~Q 3.6149321E 14 1.0509%16t L6 3.381450%c 16 3.8800043E ©7 -0C. -C.
LLL TA-L/UMEGA-UP 1.975104BE-04 £.8753721E-02 4.563834%6E-01 6.,6892402E-10 -0. -C.
wITHOUT OMEGA-CP APPRCXIMATELY EQUAL TC CMtGA-P
OMLGA-LP 2.9181247€ 117 1.1790000t 17 T.4699999¢L L6 5.8CC0000C 16 5.6412532€ 16 5.6412532F 16
UMt GA-CP/ULMEGA-P 9.2191899€ 00 2.0899611C 00 1.3241734E 00 1.0281403c OU 1.CC000000E €C 1. 0CCCO0OE QC
LAMBLA-ULCP 6.32406114E-07 L.5975Bi1E-06 2.5214835E~06 3.2474968t-Ub 3.3388824E~06 3.3388824L-06
UPS LLUN-PLP 1.4215498E U9 L.87643080 09 3.5666623E 09 9.2309867t U9 A.G783334E 11 8.9783334E 13
UPSILUN-GLP 1.2306086t 09 L.2771628t 09 6.8890668E 08 4.6954527€ 0A 9.0647191E 06 5.0647159€ 04
DeLTA 5.2968745t 1> 2.0100000t 1o 8.5699999k 15 B.14Y999%9 Ub . Ge
UELTAZUMEGA-LY 1.778>939€-0¢ 1. 7048346L-01 1.14723576-01 1.5517241e-10 c. [
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